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INTRODUCTION

The United States Coast Guard operates two major
classes of tuov tenders: 180 ft ocean going tenders (WLE),
and 157 ft coastal tenders (WLM). These ships are required
to perform numerous Coast Guard missions in addition to
their primary mission of servicing navigational aids.
Fresently, there are 28 WLB's and 13 WLM's in service. The
WLEB fleet was built from 1942-44, while the WLM fleet was
constructed in the late 196@°'s. The projected service life
for these ships was 25 years. Several of these tenders have
undergone a service life extension yard period, yet many of
these ships are fast approaching the end of their service
lives. The Coast Guard is currently assessing the options
available for replacing these aging ships.

The solution of initiating a new construction
acquisition program may aor may not be feasible in light of
the austere budget forecasts for the Coast Guard. 0One
alternative to new construction is the conversion of an
existing ship. A candidate vessel for conversion is the o1l
industries’ Offshore Supply Vessel (OSV). This report
explores the feasibility of converting a typical 0SV into &
Coast Guard buoy tender.

The design requirements for the conversion were
obtained from reports published by the Office of

Navigation. The design requirements are listed in Table 1.
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¢ From the established design requirements, a list of

o specific design elements was generated in order to assess

ESN N

the suitablity of a typical 0S8V hull form and its existing

5 equipment for buoy tending. The design elements that needed i,
; to be addressed at this stage of the design are contained in P,
. ’
Table 2. ;
N The determination of & design element ‘s ability to meet M
. N
: at least the minimum performance requirements was guided by O
{ \)
: an established design philosophy. This philosphy was p
e developed, with guidance from Commandant G-DMT, by }
. *‘
. prioritizing the decision influencing criteria. The design ?
° philosophy is contained in Table 3. At each stage of this !m, 4
conversion effort, the design philosophy was consulted in - e
- order to resolve any uncertainity in our decision making t
process. .
»
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@ 0SV-BOUY TENDER CONVERSION 0
DESIGN REQUIREMENTS THRESHOL.D GOoAL 5
1
FAYLOAD o
FUEL 33.5 LT 33.5 LT A
WATER S6 LT 56 LT R
CARGO S0 LT se LT -
CRANE LIFT CAFACITY 10 LT 20 LT \
Y
SPEED 12KT 16 KT 2
>
-
RANGE @ 12.5 ETS 100@ NM 4000 NM A
) ENDURANCE FERIOD 21 DAYS 21 DAYS e,
4 .
STABILITY >
FLOODABLE LENGTH ABS RULES 2 COMPARTMENT ¥
INTACT USN STDS USN STDS N
! SEAKEEF ING r.
, CONDUCT BUQY OFS SEA STATE 3 SEA STATE 4 .
. o
: OUTFIT z
. 26 FT BOAT MOTORSURF BOAT RHIB e
‘? 14 FT BOAT RHIB RHIB =
o DRAFT 14 FT t'
MINIMUM Dy
s
FREEEBDARD S FT 7 FT o
, ICEBREAK ING 14 IN 18 IN -
RAM 2FT 3FT o
LOW SFEED TURN 200 FT MINIMUM 4
<
DECK AREA 1600 FT- 1600 FT
HABITARILITY USN STDS CG FRACTICE N
b
‘l
. MANN ING 48 48 N
X S OFF, 3 CPO, 40 EF
ARMAMENT 3-.50@ CAL 3-.50 CAL v
1.5 LT AMMO 1.5 LT AMMO P
C
'b
Table 1
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DESIGN ELEMENTS

R 1) Main Fropulsion

~ Develop speed-power curve
2 - Assess suitability of current power plant
— Check range/fuel consumption

2) Auxiliary Machinery
-~ Determine power and weight for electrical

generators
- - Fresh water requirement, evaporator 9
o - Hot water requirement K
- - Refrigiration/freezer
. - HVAC ¢
!
3) Floodable Length
) - Develop floodable length curve )
o 4
? 4) Arrangements t
e - Increase habitablity functions b
i -~ l.ocate newly required spaces -
- Weight statement @
b S)  Structural Modification
’ - Assess cargo deck strength for buoy handling
i - Ice strengthening to meet AES rules and design
) requirements.
- Crane foundation _
&) Static Stability K
- kG determination .
~ Heeling stability tests X
7) Maneuvering
< 8) Motions/Seakeeping

- Ferformance i1ndicators

> =z 5 v e

.- Table 2 e
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In order toc perform a logical and consistant decision Q

making process, & prioritized listing of design criteria was x

E established as follows: ?
1 1 Design for minimum acquisition, operation, and 5
4 maintenance costs. o3

E 2 Design for minimum technical risk by making use of é‘

E aperationally proven caomponents and subsystems :~

wherever possible, N

) Design to meet or e:ceed naval habitability i

-, standards. g

i! 4) Design for optimum operational capability in the :
primary mission of aids to mavigation maintenance. E

“w

) Design to meet or exceed ABS rules for hull ?

strength. -

6) Design to meet or exceed naval compartment EV

. subdivision criteria. E

7) Design for mission flexibility. In addition to
the primary mission, the vessel should be capable

of limited operations as a search and rescue, law -

enforcement, and icebreaking platform.
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GENERAL. DESCRIFTION

Offshore Supply Vessels (0SV) are designed primarily
for the activities relating to the o0il drilling industry.
These vessels serve as shuttle vehicles between land bases
and drilling platforms carrying work crews, food, water, and
equipment. The often harsh nature of the environment in
which they operate demands that these vessels be inherently
stable. 0OSV’'s are designed with the capability of carrying
up to S0@ tons of cargo on deck, or up to S00@ tons of liquid
and dry drill mud in the hold, or a combination of the two.
There are generally accomodation for 20-25 people, but the
required crew size 1s only six or seven. The conversion
design was based upon a typical 165 ft (GSV with the

following principal characteristics:

LOA 165.0 ft

EBeam 38.0 ft

Depth 13.5 £t

Disp (full load) 1250 LT

Draft 11.5 +t

Disp (light ship) 608 LT

Fropulsion 2200 SHF  Twin screw
Bow Thruster 340 hp
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The deckhouse is relatively high and located far

forward. There is a large open deck work area which extends
nearly two-thirds the length of the ship from the deckhouse
to the stern. The hull is of chined contruction with a
double chine forward faired into a single chine amidships
faired back to a double chine in the stern. The decks have
no camber. Appendix 1 contains a profile, lines drawing,

and & table of offsets for a typical 08V.

The hull of an 0OSV is comprised mainly of tanks that
carry fuel, ballast water, and liquid and dry drilling mud.
The engine room, steering gear room, and bow thruster space
are also located in the hull. The total capacities and

volumes of the tanks are as follows.

Fuel 116 LT S,000 ft-
Ballast 63@ LT 22,680 ft~
Mud 500 LT 8,372 ft~
ARRANGEMENTS

The arrangements for & typical 0OSV prior to the
proposed caonversion are contained in Apperdix 2. The major
arrangement tashk was increasing the berthing areas to
accomodate the new complement of 48. Consistent with the
design philosophy, minimal structural changes to the vessel

were sought to reduce cost. This resulted in the original
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design arrangement dictating the aoverall size of many of the

compartments. To determine possible compartment locations
minimum volumes for required spaces in the new design were
first computed.

Volume calculations for habitability spaces were based
on similiar ship data from past Coast Guard designs, &and
OFNAV Instruction 9640@.1 requirements. In most instances
the minimum space requirements, as ocutlined in the OFNAV
Instruction, were easily achieved. Appendix 3 contains the
detailed area breakdown.

A camparision of required and available tank volumes
revealed that the mud tanks and several ballast tanks could
be converted into habitability spaces and still leave enough
tankage to meet the liquid load requirements. Converting
tanks 1nto inhabitable spaces offered the only course to
gain needed volume from a design so severely limited in
valume.

The new arrangements were designed to conform to the
bulkhead subdivision of a typical OSV to minimize cost. The
floodable length section of this report examines the
consequences of this decision on damaged stability. In the
hold area, removal of the dry mud tanks provided enough
usable volume to arrange a cold storage compartment, two
berthing compartments faor 12 and 18 men, and a head/shower
faci1lity large enough to accomodate the associated crew.

The liguid mud tanks were replaced with an engineering work

space and dry stores. Forward ballast tanls were converted
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9
into a C3I space and the laundry, and two aft ballast tanks

became general and engineering stores.

The main deck enclosure was lengthened 22 ft to provide
an enlarged mess deck and galley and to house the dechk gear
stowage locker. The two original 4-man berthing
compartments were converted into a single 12-man berthing
area. CFO quarters with an attached head and a seperate
lounge/mess were added.

The 01 level was lenghtened S$.5 ft and converted into
officers country. A pair of two man staterooms share a
common head and shower facility, while the CO’'s stateroom
has a private head adjoining it. The B2 level was
lengthened 8 ft to increase the bridge area and improve
visibility to the stern for buoy operations.

Increasing the length of the superstructure was the
cheapest way to increase the total volume of the 0SV. The
deck space lost is minor compared to the gain in living
space.

An electric single point crane with a 44 foot reach was
positioned 125 ft aft of the bow, at frame &63. The
centerline location provides 1900 ft: of deck space forward
of the crane and allows for buoy operations from either
side of the ship.

Once all the general arrangements were completed, the
1mpact on the static stability of the converted design had

to be assessed.
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WEIGHT

Weight calculations used & typical QS5V in the light
ship condition as & baseline for displacement, longitudinal
and vertical centers of gravity, and draft. A detailed
structural weight statement was not available for
reference. To estimate the new displacement, specific items
for removal or addition were identified on the general
arrangement drawings. The weight of each component was
estimated, and the center of gravity for the component was
assigrned to its centroid. For this conversion an estimated
20.% tons were removed from and 109 tons were added to the
light ship displacement. The majority of the weight falls

> .

Hoate

into SWBS weight group 10@. w

An accounting technique recorded the weight and center
of gravity for each component added or removed. Weights and
moments were than summed and the net change was applied to
the baseline 0OSV to obtain the converted design’'s lightship
displacement, center of gravity, and trim. The converted
design’'s light ship displacement in the unballasted
condition i1s 612 LT with a draft of 6.6 ft and a trim of 62
in by the stern. The same procedure was also carried out for
the converted design in the full load and minimum operating
(1/3 of all consumables remaining on board) conditions.
Appendix 4 contains the detailed weight removal and addition

calculations. .
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STRUCTURAL CHANGES

To determine if any structural changes were necessary,
the following areas were examined: 1) structural support
for concentrated loads on deck, 2) structural support for
the crane foundation, 3) ice strenghtening to comply with
ABS rules.

The deck plating in the vicinity of the buoy deck is
@.375 in thick and is capable of withstanding operating
loads of S40 lbs/ft2 and maximum loads up to 1250 lbslftz.
This is adequate to meet the anticipated loads imposed by
the buoys and sinkers.

To assess the structural changes needed to support the
crane and its foundation, similiar ship data was used to
estimate the additional structual weight. It was assumed
that this additional structure could be added without
noticeably interfering with the below deck spaces. At this
stage of the design only a weight estimated was calculated.
Further engineering of the crane foundation would be
required.

The ability of the converted design to meet the
icebreaking mission requirement 1s severely limited. The
mission requirements place this vessel 1n Class IAA under
the ABS rules for ice strengthening. Class IARA 1s for full
winter operation 1n solid ice of thickness of about 1
meter. The other ice classes are for operation in open

broken ice, or small ice floes. Regardless of i1ce class,
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the new design does not meet the minimum requirements for

gy

.

frame thickness as specified by AEB5. Minimum frame

thickness is stated as @.39 in and typical frame thicknesses

i X

are anly @0.312% in. The ice belt requirement for the Class
IC operation calls for a plating thickness of 1.4 in of mild
steel or 9.82 in of HY 80. To meet the requirements for
even Class IC operation would require a major and costly
structural change to the hull. Appendix S contains the
detailed structural calculations.

In addition to the structural deficiencies the typical

0SV hull design is not suitable for icebreaking. ABS

specifies a bow angle of between 25-35 deqrees. The typical

PR SR

0S5V has a bow angle of approximately 55 degrees. The chined

¥

hull form and exposed screws also do not lend themselves

well to i1ce operation.
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ENGINEERING CHARACTERISTILCS

L i et St

s e |

An evaluation of all the engineering comporients aboard

the 0S5V was conducted. Using the design requirements as a

z-:-.;““

guide, the required shaft horsepower, electrical generating

TRSE | |

capacity, and other auxiliary systems were sized. Since
minimizing conversion cost was the top priority of the
design philosophy it was highly desirable to retain any
present engineering system if it met the threshold of

performance as specified by the ogperating requirements.

SPEED AND FOWER-MAIN PROPULSION ENGINES

The design requirements for the conversion established
threshold and goal speeds of 12 and 16 krniots. A 160°'-180°
0OSV generally has 2,000-3,000 SHFP installed. To determine
the powering requirements at various speeds, Neveitt (11
provides a method of obtaining the speed-powetr curve for an
0OSV hull form of standard proportions. The speed-power
curve indicates that 2,000 SHF yields a speed of
approximatley 13.5 knots. Similiar 0SY hulls with
displacements of 1,275-1,30@ LT advertise an operating speed
of 12 knots at 2,100 SHF. This lends confidence to the
calculation of a higher speed at a lower displacement.

Appendix & contains the detailed calculations.
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Twin Detriot Diesel GM 16V149 marine engines developing A}{ﬁ

oot
1,060 HF each, are commonly found aboard existing QSVY's for
main propulsion. Engines of this size would provide the
required shaft horsepower to obtain speeds of 12.5~13
tnots., This is within the acceptable limits of the design
requirments.

It should be noted from the speed-power curve that an
exponential increase in SHF is required to achieve any
speeds 1in excess of 14 knots. The goal speed of 16 knots
would not be attainable without re-engining the 0S5V with
approximately 4,000 SHF. The design philosophy of
minimizing conversion cost dictates that the existing main
engines remain installed since they do provide the threshold
speed of 12 knots. “'i'

As a consequence aof not repower:ing the conversion, the
associated propulsion components as originally installed
need not be altered. The engine controls, praopellers,

shafts, steering gear, and rudders all comply with various

ABS/USCG specifications.

RANGE AND FUEL CONSUMFTION

All calculations were based aon a Detroit Diesel 146V149
power plant. The existing fuel oil tanbk capacity for an 08V
15 approximatly 1@6 tons. Using the goal range of 4,000 NM,
« Specific Fuel Consumption of 0.47 lb/hp~-hr, a speed of o

12.5 kts, and 2,800 HF, a calculation was performed 1n L

A AT e e T T e T e T T
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Appendix 7 to determine the tankage required. A fuel o1l
tank capacity of 120 LT would be required to meet the
design’'s 4,000 NM range requirement. An additional 33.5 LT
of fuel is also required to meet the cargo requirement. The
total required fuel capacity of 1533.5 LT e:ceeds the
installed fuel oil tankage by 47.5 LT. This additional
tankage can easily be made up, since there are several empty
ballast tanks that could be converted into additional fuel
storage tanks. Two forward ballast tanks, with capacities
of approximately 36 LT each, could easily be converted to
fuel storage with a minimum of piping changes. This would
increase the vessel ‘s total fuel 0il capacity to 178 LT,
which would be more than adequate to achieve the operating
range of 4,080 NM and provide a fuel oil payload of 33.5 LT.
A liquid loading plan for the fuel oil tanks is as

follows:

24-1-F 36.8 LT

24-2-F 36.8 LT

74~1-F 41.25 LT

74-2-F 41.25 LT

FD DAYTANK #1} 12,3 LT

FO DAYTANK #2 12.3 LT

ELECTRICAL GENERATING SYSTEM

Following the design philosophy of selecting
operationally proven components, the electrical requirement
evaluation was done using similar ship data. Conversion
components requiring an increase in electrical generating

capacity include the buoy deck crane, C3I, and all upgraded

auxiliary systems. Similar ship data and SNAME T % R
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Bulletin 3-27, indicated that two generators rated at 235 kKW

53
N
each would be adequate to meet the increased electrical
demands of the converted design. Appendix 8 contains these
calculations. This increased load would exceed the
generating capacity of a typical 0OSV’'s two generators, each
capable of producing approximatly 100 KW. FReplacement or
upgrading the generating system aboard a typical DSV would
be necessary.
In studying the alternatives for increasing the
electrical generating capacity of the vessel, a major
concern was the sice and weight of the replacement
generators. Enlarging the engine room to accomodate larger
sired generators was to be avoided, if at all possible, due
to concern for adverse effects on floodable length. iE%;
Many OSV generating systems use two GM 8V 71 diesels
powering Delco 208/120 V generators rated at 99 KW at 1,200
FFM. The Diesel and Gas Turbine Catalaog, 1985 [2] indicates
that the same prime movers when turbocharged are rated at
275 W at 1,800 RFM. The increase in size and weight due to
the addition of a turbo charger 1s very little. With only a
slight weight addition due to the larger electrical
generators required es1sting space allocations are

sufficient.
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AUXILIARY SYSTEMS

An evaluation of the existing auxiliary systems aboard
& typical 0OSV identified several that would require
upgrading or replacement as a result of the increased crew
size. Doubled accomodations placed increased demands upcn
refrigeration, hot water, potable water, heating, air
conditioning, and ventilation.

The amount of frozen and chill space required for a
crew of 48 on a vessel with a 21 day endurance was
calculated following US Navy requirements. The figure used
in this study was 3.65 fts/day/man. 1t was estimated using
similar ship comparisons that for a volume of 891 fts, @. 65
tons of refrigeration equipment would have to be installed.

The increased demand for hot water onboard could not be
handled by the existing hot water system alone. The typical
hot water system consists of a 52 gallon electrically heated
tank located in the crew’'s head. To meet the increased
demand one additional electric hot water tank with a
capacity of 52 gallons would be installed in the second
crew’'s head.

The typical 0S8V has ample fresh water storage capacity
to meet the requirements of the converted design. While the
tank capacities for the storage of fresh water are-
adequate, the capability of making fresh water must also

exist. AN evaporator with a capacity of 2,000 gallons/day
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(4@0gal/man/day) would have to be installed. The estimated

¥ 2y
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4

added weight for this system is 1.2 tons.

To comfortably maintain the climate in the expanded

O3y

living quarters the HVAC system would have to be upgraded.

A

Based on existing ship data, an additional 6.7 tons of

-

equipment would be added. This equipment would include air

-
Ay

conditioning compressors, electric heaters, fans and

O

ventilation piping.
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OFERATIONAL CAFABILITIES

To assess the converted design’'s intact and damage
stability, the following criteria were e:tamined:
1) Intact stability

a) weight balance calculations to determine kG,
list, and trim.

b) Navy Design Data Sheet DDS @79-1 stability
criteria for 100 kt beam wind, weight over
the side, and high speed turns.
€c) USCG static towline pull criteria.
d) limiting drafts.
2) Damage Stability
a) floodable length calcualtions.
b) trimlines after flooding specific compartments.
Initial calculations following the weight removal and
addition process indicated that the unballasted converted
design in the full load condition had a substantial (&°)
trim by the stern. To correct for this condition, the
converted design must operate with the forward ballast tanks
filled with approximatley 183 tons of water. The weight
addition/removal process also balanced transversely. The
converted design encounters zero list in normal loading

conditions. Appendix 4 contains these calculations.

A summary of the intact stability parameters are as

follows:
CONDITION DISP K6 GM GM/B
TYPICAL 0SvV 1340 12.4 11.5 0.30

CONVERTED DESIGN
FULL LDAD 1031 11.2 9.3 8.24
MINIMUM OP 853 12.04 10.3  8.29
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The GM/Beam ratio for the converted design is very high

resulting from the removal of the standard deck cargo. The <t
normal design range for the GM/B ratio on a surface

combatant is 0.06-9.12. The consequences of having a high

GM/B ratioc are a very stable ship with a very short roll

period. The resulting strong "snap roll"” could lead to crew

discomfort during open water transits.

STARILITY DETERMINATION

Computer calculations using Ship Hull Characteristic
Frogram (SHCF) were made based on a typical 0SV hull form to
determine the ship’'s righting arm at various angles of heel
in the full load and minimum operating condition. The .&E‘
righting arm was directly calculated and did not need to be
corrected for an assumed kG, since the converted design’'s kG
was known. The total Free Surface Correction was less than
1% of the average righting arm, and thus its influence on
the righting arm was ignored.

The converted design’'s righting arm curves were
compared to the heeling arm curves for various conditions.
The heeling arm curves were generated using the formula
presented in DDS @79-1. The criteria used to judge the
intact stability of the converted design for lifting weights
over the side, in a high speed turn, and while towing are as

follows:
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p
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NO MORE THAN

Z w‘/.btxsz

1) C - the angle of heel < 15°

2) RA_ < 0.6%RA

3) thé ares of réserve stability A, > 0.48A  total area
under the righting aras curve. t

The stability criteria for a ship subjected to a 100

‘i knot beam wind and rolling are:

—

o

O/

1) RA_ < 0.48RA

2) thf area of Fﬂidual righting energy At 2 1.4¢R,, where
A, represents the ship‘s rolling energy and is
ﬂnuc to 25 degreeses beyond the angle of heel.

= PLNRAT PR
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1 Exceeding these limiting conditions critically affects RA S
» AER Y oL
. g &:‘,"‘ “J

the ship’'s operational capability. An angle of heel beyond
k]
15 degrees interferes with personnel and machinery ;
o
operations. A heeling arm less than 60% of szaw and the N
requirement that the reserve dynamic stability not be less 2
than 4074 of the total righting arm energy insure that an 2

adequate margin is maintained against capsizing.

The stability information for a 20 LT weight hanging 235 =
' feet over the side, a high speed turn, towing operations, .
‘ ’\
and a 100 kt beam wind are tabulated below for the full load ~

and minimum operating condition. Flots and calculations are

contained in Appendix 9.

TEST HEELING ARM HEEL 6lc B.6%6Zmax Al ..406!733

. .
(A
eyt

FULL LOAD CONDITION:

'l .'

20 LT WEIGHT 8.854+C0S0 6° 0.9 2.4 147.75 75.34 -
TOWING 3.010+#C0S6 18° 2.8 2.4 59.4 75.34 b
TURN 1.128#C0S0 6° 1.0 2.4 136.74 75.34 -7
180 KT WIND 9.818#C0DS e 7° 0.8 2.4 154.95 56.36 n
MINIMUN OPERATING CONDITION: t:
28 LT WEIGHT 1.0829+C0Se 70 1.8 2.4 £131.03 70.5 ™
TOWING 3.66#C0S0 20 3.3 2.4 J0.2 70.5

188 KT WIND 1.120#C0Se g 1.0 2.4 136.25 64.40

Fraom these results one can caonclude that the conversion
meets all the stability criteria except for towing. Based
aon the equation for the towing heeling arm, the ship has the o

potential to encounter a dangerous list and does not possess

e e o o,
2,04, %%

suitable reserve stability to provide an adequate margin

.

against capsizing. e
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&gsi The relatively high towing heeling arm (3,46*c0os® for E,

I A 1

the minimum operating condition) results from the following

equation: 37

o

HEELING ARM = 2#N#(SHP*D)#+8,66*5%h*C050 e,

38*displacement s

N=nuaber of praps 2 ]

SHP= shaft horsepower 1,000 c‘

D=prop diameter 7 $t y

S=stream deflection 0.55 et

h=shaft to tow bit 11,5 ft ox

displacement tons 1,831 (full load) 835 (light ship) "

The high value of the resulting heeling arm is -

“~ g

primarily influenced in this design by its light =4

Y ~
displacement. R

DAMAGE STABILITY FLOODABLE LENGTH f

P -
(Y | | » _
2 Floodable length is the maxximum length of any specific N

. compartment which can be flooded to cause a damaged ship to -
3 float at a waterline tangent to its margin line. The <
floodable length at each station along the ship is plotted iy

lw ."
. to produce a floodable length curve. The ordinate of this ;
"-"

curve represents the length of ship that may be flooded, for v

a campartment centered at that length, without submerging ,?

the margin line. For a ship to meet a two compartment &

? .:
floodable length criteria, the total length of any two -

. adjacent compartments must be less than the floodable length .-

at their combined center. A one compartment standard o

requires that only each individual compartment be less than }

.f:} the floodable length at the compartmentg center. -~
.._'_q_:‘. ..:-
N

"".
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The design philosophy emphasizes minimizing cost and

places lower emphasis on meeting a specific floodable length
criteria. Following the design philosophy, the conversion
design was not subdivided to achieve a specific floodable
length, but rather, the existing subdivisions were evaluated
to determine what type of floodable length criteria the ship
satisfied. Where practical and inexpensive, small changes
to the ship’'s subdivision were made to enhince its damage
stability. These changes primarily consisted of installing
watertight doors in passageways corresponding to the
existing transverse bulkheads.

The design threshold for damage stability was
determined to be the ABS subdivision rules for ships less
than 28@ feet in length. The design goal was set to a two
compartment requirement.

To meet the threshold, the ship had to have a collision
bul khead rnot less than S% of the waterline length aft of the
forward perpendicuar and watertight bulkheads fore and aft
of the engine room. Offshore supply vessels are subject to
ABS approval, and are built in accordance with these
standards. Therefore, without any major changes, the
conversion design would meet the threshold criteria.

To evaluate how claose the design approaches the two
compartment damage requirement, floodable length
calculations were computed using the ship’'s offsets as input
into SHCF. Floodable length calculations were computed for

two separate conditions as the maturity of the design

e e e e Lt e e ey e L e e e e e e e
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progressed. An average permeability of 0.85 was assumed for

both conditions. Data for the two conditions are presented
to serve as a reference regarding the effects of deck
watertightness and displacement on floodable length.
Complete results for both conditions are presented in
Appendix 10. The conditions evaluated are as follows:

1) Disp=1,275 LT, second deck watertight.

2) Disp=1,031 LT, +irst and second deck watertight.

The floodable length calculations for condition 1
revealed the forward and aft spaces of the converted design
would be limited to an average total length of 18 feet, with
the maximum allowable compartment being 22 feet in length.
Meeting a two compartment criteria for this condition is not
feasable; 6@% of the ship would be limited to S foot
compartments. Even meeting & one compartment standard in
this condition is not practical, since the main engines are
13 ft long.

Condition 2 floodable length calculations reflect the
current design configuration and loading conditions at this
stage in the design spiral. In condition 2 the watertight
integrity was increased to include the main deck, which is
common practice aboard 0SV's. As a result, the floodable
length curve exhibits the unusual enlarged lengths in the
forward portion of the ship due to the increased captured
volume available to combat forward flooding. The allowable

compartment lengths for the forward 80 ft of the converted
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design average 45 feet with the remainder of the ship

averaging 25 foot compartments.

Evaluating the final general arrangement plan against
the floodable length curve shows that the converted design
meets a one compartment standard for all spaces except the
engine raom. The existing engine room length of 31 +t
exceeds the allowable floodable length by 6 ft. Condition 2
thus meets the threshold requirement for floodable length,
but falls one compartment short of achieving a one

compartment subdivision standard.

FROBABILISTIC STABILITY

If the minimum threshold for subdivision is raised to a
strict one compartment criterita the current, cost efficient
general arrangement should not be abandoned until further
research is conducted in the area of probablistic
stability. The classical floodable length calculations are
based on side shell to side shell flooding, which is not
always the case. The field of probabilistic stability
examines the probability that damage will occur to a vessel,
the location and length of the damage, the depth of
penetration, and numerous other factors relating to the
vessel ‘s operational status. This topic was researched and

a list of references are included should further studies be

made in this area regarding the converted design.lIi-461
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éf' It should be noted that even though the current design
does not meet a strict one compartment subdivision criteria,

the presence of wing tanks and the possible addition of a

o e

double bottom in the engine room presents definite

-

praobabilistic protection from flooding in the classical

sense.
MOTIONS

Seakeeping and motion predictions for this hull form
are presented in two forms; a computer gengrated seakeeping
estimate and similiar ship data.

The computer generated seakeeping information is based
¥ 6;, on the Bales Seakeeping Estimator. The Bales estimator
. calculates the relative seakeeping perfaormance for a defined
hull form using an empirical equation.

The range for the Bales indicator is 0-10, with 10

indicating the best seakeeping performance. The Bales

[l S

indicator for the conversion design is 8.35, thereby
indicating good seakeeping perfomance. Suggested changes to
improve the hull ‘s seakeeping would be to increase the total
length and/or decrease the draft. A Bales indicator of 8.3%5
is high enough not to warrant the cost of changing the hull
form to improve seakeeping. Appendix 11 contains the

! documentation concerning the Bales esitmator.
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{ Similar ship data provides a less empirical reference 3h§
to the conversion design’'s seakeeping potential. Data from
P a 19@ foot, 1,400 ton offshore supply vessel in sea state
] four, beam seas is provided in Appendi» 11. These data show
that the ship encounters a significant rolling condition in e
this sea state. Transit would be possible, but ?
uncomfortable due to the short roll period resulting from Ef
the high GM/B ratio. Buoy operations may be difficult to
y conduct due to excessive deck wettness resulting from the 4 E;
ft freeboard. While the actual converted design’'s :é
characteristics would be slightly different, these data
present a good estimate of expected responses. ig
Y )

Additional seakeeping estimations are also provided in N
Appendix 11 for a 15@ foot 1,210 ton displacement ship -~
operating in sea states 3, 4, and 6 at five different
headings. These data show that propeller emersion and bow -}

slamming will not occur in sea state 4 when operating at

speeds up to 10 knots.
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ap CONCLUSION v
In order to draw conclusions as to the feasibility of .
? the conversion design, attention is focused on the success E
: or failure of the converted design to meet the minimum l
design requirements. As detailed in this report, the {
’ converted design would meet all required intact stability o
criteria except for the towing standard. Through internal .
s rearrangement it would comfortably accomodate the increased N
‘E crew size. Installation of a deck crane and the existing ?
j open deck work area provides the conversion design with the i
ability to tend buoys. The requirements for carrying food, .
water, and fuel for a 21 day endurance period are easily ;
. met. Other requirements related to speed, range, draft, and R
) ‘E;‘ payloads are all within the acceptable limits. The design -
« b
) alsoc has a very large weight margin for future growth. 2
« <
. Based on these performance criteria the converted design E
would be capable of carrying out its primary mission of .
servicing aids to navigation. i
t The limitations on the converted design are in the T;
j areas of ice breaking capability, towing ability, freeboard, :
E volume margin, and most critically in compartment &
¥ subdi vision. %
The extensive floodable length calculations presented "
indicate that a two compartment subdivision standard is f
impractical and that a one compartment standared could be h

5323 achieved in all spaces except the engine room. The failure
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, »
. of the converted design to meet a one compartment standard g&i&

by a single compartment is the only flaw identified in this

’.64

report ta prevent a typical 0SV from performing navigational ¢

- - -
i

aid maintenance for the Coast Guard.

The lack of icebreaking capability and the towing

S

inadequacy as defined by the ABS rules and USCG requirements

are not deficiencies that would prevent the converted design

1 i LT

=4

from fulfilling its primary mission. The effects of failing
to meet the minimum freeboard of S ft by 1 ft would require
“ more extensive motion and deck wettness studies than were

% conducted for this report. Table 4 compares the design

requirements with the converted design’'s actual values.

PAIGE

The authors fully recognize that more in-depth analysis e d
of certain topics need to be performed. These areas include ot :
crane foundation engineering, auxiliary system piping, HVAC E
ducting, electrical power distribution, review of buoydeck .
strength for impact loading, and the possible application of -
probablistic stability techniques to assess floodable length
! compartment subdivision.

= We concluded that the 05V conversion concept has

P |

definite merit as an alternative to new construction, and it

’

warrants further study. The converted design could operate

as a buoy tender with some restriction on other operations,

v

as previously noted. It is recommended that a continued

I
ey

effort be made to study this concept and that a critical

review of this report be performed. The authors welcome any ~

J

comments which the reviewing authorities might have.
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0SV~-BOUY TENDER CONVERSION

DESIGN REQUIREMENTS THRESHOLD 60AL ACTUAL
PAYLOAD
FUEL 33.5 LT 33.5 LT S8 LT
WATER 56 LT 56 LT S6 LT
CARGO 50 LT 50 LT 50 LT
CRANE LIFT CAPACITY 10 LT 20 LT 20 LT
SPEED 12KT 16 KT 13 KT
RANGE @ 12.5 KTS 1000 NM apee NM 4000 NM
ENDURANCE PERIOD 21 DAYS 21 DAYS 21 DAYS
STABILITY )
FLOODABLE LENGTH  ABS RULES 2 COMPARTMENT  ABS
INTACT USN STDS USN STDS USN §TDS
SEAKEEPING
CONDUCT BOUY DPS  SEA STATE 3 SEA STATE 4 SEA STATE 4
QUTFIT
26 FT BOAT MOTORSURF BOAT RHIB
18 FT BOAT RH1B RHIB
DRAFT 14 FT MINTMUN 9.7 F1
FREEBOARD S FT 7 FT 4.9 FT
ICEBREAKING 14 IN 18 IN MINIMAL
RAM 2 FT 3FT N/A
LOW SPEED TURN 208 FT MINIMUN OWN LENGTH
DIAMETER , ) .
DECK AREA 1600 FT° 1600 FT 1908 FT
HABITABILITY USN STDS C6 PRACTICE C6 PRACTICE
MANNING 48 48 a8
S OFF, 3 CPO, 4@ ENLISTED
ARMAMENT 3-0.50 CAL 3-9.50 CAL 3-0.50 CAL
1.5 LT AMMO 1.5 LT AMNO 1.5 LT AMND

1Desiqn fails to meet one compartment standard only in engine roonm.

Table 4
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APPENDIX 1 .

OSV Profile, Offsets, and Lines Drawing

Included in this appendix are a vessel profile drawing, a table

of hull offsets, and a lines drawing for a typical OSV.
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£ TVPE QSVOFST.DAT:

Table of Offsets for a Typical 0OSV

0.0.,0.0,10.5,1
0.0,0.290,11.68,2

f 0.0,1.15,13.5,2

] 0.0,7.396.22.79.7
0.95.0.0,0.5.1
(N J.-~-.48.1-\J.4_
0.9,5.04,10,45,2
0,.5,6.48,12.5,2
0.,5%,12.083,22.629.7
1_u O.0,0,0,.1

X 1.0,6.167,6.02,2
1. P.344 9,292
1.0,11.26,13.5,2

1 1= L Zov B T L A
..-. d-.....-&,..... iy ]

1.5,0.0,0.0,1
1.5,10.29,4.75,2
1.9,15.0,8.1.2
SL.1a4.708,15.5,2
5,17 ”“.::.aﬁq.:
0.0, 0,0.0,1
OL12. 91,,. 7=
DL1S.7)0 . 7021,
3.17.123.13.q.2
D17.517.22.01,
L0, 0.0,0,0,1
Dy 16.6596.2.25,.2
3.18.54.6.”08.~
AP.0,13.8,2
18.W.L_1 708,73
O,0.0,0.0,41
.18.5 1 583,2
_.19.-.6.U94.~
W17.0,13.5,2
18.hq.~1 708.3
U,u.u.u._.l
DL, 12.0.1.9.2
1,19.0,6.094,2
D.19.0,13.5.2
7,18.25.21.708,3
0,0.0,0.0,1
0,19.0,1.5,2
0,19.0,6.094,2
).19.0.13.5.3
WD.0,0.25.1
7. 18-d6-J.1.896.2
7...19.u.b.aq.2
7.0,12.0,13.59,3
g.0,0.0,2.5.1
H.0,16.76.4.744 .2
8.0.19 0.7.254,2
B.0,17.0,13.5,3
B.J...x 4,.667,1
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8.5,15.479,6.208,2
8.5.,18.958.8.18795,2
8.59.18.958.13.5. 73
F.0,0.0,6.667.1
R0, 13.792,7.958,2
?.0,18.479,9.031,2
9.0,18.479,13.5,3
?.5.0.0.,8.166,1
2.5.11.942,9.104,2
P2.%.17.708.9.667.2
.91 7.708,13.8,3
10,0,0.0,8.75,.1
10,.0,9.208,9.443,2
10.0,14.75,10,0,2
10.0,14.75,13.5.,4
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APPENDIX 2

% N

General Arrangements

1 The conversion design's general arrangements are presented

ﬁ.’ 4.';‘;..'-"

beneath the existing typical OSV arrangements to illustrate the

required changes., These arrangements show that only minor

KA

compartment changes and deckhouse expansion would be required to

convert the typ cal OSV.
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|- APPENDIX 3 s
s X
&: ;
. Space Allocation -
P
Contained in this appendix are the space allocation figures "
&
used in generating the general arrangement for the converted design. =
The guideline wused in arriving at these values was the U.S. Navy <
habitability instruction (OPNAV INST 9640.1). Comparisons with §
similar ship space allocations provided additional target values. il
These areas are the actual compartment sizes as determined by the ::
final general arrangements plan for the converted design in appendix !
2. L
SPACE DESCRIPTION CONVERSION DESIGN (sqg. ft.) L
Pilothouse 307.50
s Central Control 143.75 =
@ Ship Office 94.25 .
General Stores 162.50 >
Spare Parts 162.50
Bos'n Locker 224,00
Engineering Work Spaces 192.62 M
C.0. Cabin 188.00 ks
Officers Berthing 297.00 ;
CPOs Berthing 123.25 o
EM Berthing 787.00 =
Officer Sanitary Spaces 123.25 -
CPO Sani:ary Spaces 25.00 :
EM Sanitary Spaces 200.00 E
Wardroom 166.75 :
CPO Mess 80.00 N
EM Mess 497.25 ' R
Officer Pantry 40.00 e
Galley 140.00 "
Scullery 37.50 i
Cold Stores 111.375 ~
Dry Food 144.75 "
Laundry 64.00 X
A/C Space 55.00 i
Bow Prop 168.00 N
Armory 32.00
- Sick Bay 2.60 2
Ro Paint Locker 30.00 bt
N Radio Room 96.00 <
3
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Engine Room
Repair Locker
Steering Compartment
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APPENDIX 4
Weight Calculations

Weight calculations were based on a typical OSV in the light
ship condition as a baseline for displacement. Using the general
arrangements as a guide, changes to the existing design were
identified as being required additions or removals. An accounting
technique recorded the weight, vertical center of gravity, and
transverse center of gravity for each item added or removed. The
final displacement for the conversion design's full load, lightship,
minimum operating, and minimum operating damaged worst case
conditions are the sum of these weights and the baseline

displacement. Values for KG, LCG, TCG, and trim were determined

using:
SM()A = Summation of the vertical, longitudinal,
or transverse moment added
SM()R = Summation of the moment removed
MTI = Moment to Trim One Inch
D = Displacement
KG = (SMVA - SMVR)/D
LCG = (SMLA - SMLR)/D
TCG = (SMTA - SMTR)/D

TRIM =D * (LCG - LCB)/MTI

Data is presented for each of the conditions in the foilowing

tables.

AN

A |

;o

L R P

Te%e e’ '-",' i

¥ f'("




o £ s o R e TV P Sl B N il 4 i abatiud o SR E ‘anfie Bha- Sbaty g g1 e RRMEA AT AR At Sl Sy

3 FU.L LOAD CALCUALTIONS |

N NEIGHT ADDITIONS g B
Y 1TEn v ves L6 TSE W " 7 f@‘g‘ N
‘ 0Sv LIGHT SHIF €220 11,30 814 C.C0 590877 428.51 .00 .
BRIDGE STBL BULKNWEE: 0.29 34,00 40,00 -5.50  9.86  tl.bh  -1.40

BRIDGE PORT BULRMEAT 0.2¢ 3400 40,00  5.50 9.8 160 1.40 )
BRIDGE AFT BULKHEA! 036 3400 4400 0,00 12,28 (5,84 9,00 :

STACK STRE .46 38,00 3800 -6.5¢ 25.08  25.08  -4.29 b

§TAIY PO2T Gt TELO0 380 650 1562 EE A6 .
DEKHOUSE BULKHEL: c.4 25,50 S0.5¢ 0.0 1.2 020 0.00

C1 LEVEL AF™ BuCsHzal .60 25,50 SAM  h0 2640 320 5,00 =
CO'S MEAS 0.0 2550  SLOC 7.0 .28 S5 0.3 :

WEAD EQUIPMENY 0,08 24,5 SL.00 9.0 2.2 45T A8 >
PANTRY A% 2550 5100 <lae 230 A5 -0 -
PARTRY BULKRZAL DOE 2550 40 <ol A4S .82 -1.26 -
PANTRTY EGUIF 0,50 2550 SLOB -hGe 17T 2550 (LS S
RHI® DAVI® Lt 2L60 #5090 158 Te@ BB ABG 3
RHIR SO 2500 AC00 =155 TG0 Tt -18.40 -
RR1T a7 e AR L N AIUE N R N -
208 oo 8¢ LA A £.40 -
paags N T % : ORI s ~§
Prf SRR OOt S S AR e £ -
TR SR SEL S ) CPRCRNES SRR W 5
d REEFEF 2 DY W T i M LS LS N -
. Be L3y ; LS AL <L 1S AL0E L "
, TAELES ML 500 SLAC - et 2080 -8 ‘g
g B MIA SRCAEAR S AL AN O 7% SN T T ISR
. FERRIE L30PEC SREI X S AECAN N A S0 A N et
CF7 NI RCEENES AT S PUL S SN S N % Eﬂ -
SKIF S QFFITE UCARNN S T * S SRR . NS YO SRS OV SR -1 o
I Bk SN R HUCEE 8 S NN 4
cep LInNE TS 55 4T ST ST LI N
DECH MIL3D BLc-Io SOCHINEAN- (RN A LR A Iy - 4
SHE.. FL&TE ARSI U N N A T TR 1
PAINY LD EE- S 1150 8590 1S90 L) D eu0u 2
_ SNT L EE T LSS VY U A £7e el N '~
. ALY T R RCRLAN < :
y 8L - YO F- P o I 2ot T
-8 s L £ ., e "
5 b 28 T EN
el & 850 4 . o =
: NI e €€ IO s LG T -
: 2025 nee N T TERE SR Ta N
TapeT e e300 BTG -e. o DBETT IS8 ems i >
1207 5 £.25 L 85 le 281D TINIE el )
el X B.5%  LiE.f0 ST 2T 2 Taste -39s,50
, fri-i-w Y g5 1€ €08 L Tl e N
1d-1-u ez LN S SY - FE Y S A S U AR Y LACTSRNES (1 o
Sia-2- T N R T SV LR S N
15 -8 ot s L 5
DAY TANH: TR PRI S 10T ST YT AR 3 DF LR 9
LUBT N RRCIA TN /R Y RO Y 0.0( '
REPCE st T -0 W T 1800 B
LAIKDRY 507 6D 80 B L T -8 NS
RADID €9uLF Lo 100 45,00 e.c* .00 126,00 24.00 T
REEFER/CHILL L4 .00 52,00 9.¢  9.80 72,80 12.40 3
-
\

- A R C e
‘A-“.;’\ L%y {_‘{L“."L‘- (W 4




| S, S

A

PROVISIONS 1.60 .00 $3.00  9.00 10.20 B6.80  14.40
N REEFER NACHINERY 0.85  4.00 58.00 4,00 2.8 ILT0 280 |
RN 12 NAY BERTHING 88.00  9.50  S.6f  ShAC s &
B2 HERD 706 85.00  -8.50  8.47 7800 -1..3% o
‘ A.T SPACE 76.00 .50 4890 S09.20  £°.%€ -
4 ENGINEERING MORK ROCH 28.00 .50  IT.00 MY 3N.SC W
ORV STORES 7800 -7.50 1330 48.2 18,7
ENGINEERIN® OFFICE 88.08  -1.53 .06 @60 -.87 <

— o
c e e

4 r3 @D

CO G

~ 4 -3
P’ .

>D o <

& L R

.
o B OS> -
P
- -~
)

ZaRr

N O O (M ev = (A O
H
(8]
L

! EVAPDRTATCR ¥ . 104,07} DIVIUSEER LI A 0.0 "
GENERAL MODIFICATION: N4 T 128,00 6.0¢ 420 L .06 L
SPARE PAFTS J0 .05 138,00 200 8030 92460 -48.90 Z
SENEFAL STORES Nk §.00  138.00 1.0 45,00 8000 IS0 o
) JFFICERS COUNTRY 0.9 25,00 18,00 0.00  22.56 315 0.0 :[
g FIKWARD CREW BERTHINC 1.20 17.0" 1.6% 0.00  20.8) 20,46 0.0¢ $
CPD BERTHING DO TER B A U 1.0 .80 448 4,40
3762 CREW BEFTHINE .80 T 65,06 -B.00 1.6 T -l H
- ’ v

-]
(-]
(2
~
»_a

e

A PLRT (REN BERTHIN L2 I N AN 2,20 .44
L

. R NS I AT 1Yt L LA R e .
- ‘I
. 3% (48D I 08D QIEE 4B o
.
: T6LNE SUFTE S S0 B B I9LR
SZsssssIs8zs=xsscss=za=sss:s EE R N e N e e A S R e e [
IR LIETT.BI E2OI0I2s 144, ,
>
X WIIGHT REMIVALS ;
. s AT R N RS LN LI R
. BPILE BULFMERS BE T Tn UGN TR PO A N
' o DECY WOUIE BUL HEAL R I N S N N =
I WS¢ 2 € STATERIDN SN S T R -
. e Te:_ L BORT R AR A RS . S 5
. BLbhial DA N g S A 5
. mTal LA R 2.9¢ S nE .
- ey hoe -~ e e - - . . (R
BINTE. nE 2.1 RN AN SR {
ME3S TabLE B0 e I LN 68 -1 -
BALLE" P L O VIR GRS - Y SO St ,
»
EREEIIF z TR R VI Ot D SV | SRS -
L]
X ST LIRS ey W s
. 2 3 1 Jeet e i e T r.]
; £ LTAER R S T S ‘
NN W N A ISC R
voLws JAPE- g
ot o [ R b e 1" T’ O
.- v - - - - . .. “n
M5 LE e e, I i o~
----------------------------------------------------------------------------------------------------- '.-
: sar 26,7 od4 LT Thae: x
TISF TULL LCAD RN
X b3 FULL LOA! i bt
. L5 FT A7 CF FF 6L 3
. .
. TCE FT +PORT €12 3

: nT;e 122,70
LCE FT ACT QF FP 8.1
TRIM IN +BY STERY T.5¢ e

.

« --'..b. . ..
v OREFT 7 9.7 .
Q) ot . o
et .
‘ “w .
. ‘e
* “~
1 >
o
- .'.
R
« e mT . e T e T e e - R Ay R S L P R R T TR it SR L MCRUTIL I I IR S ST T TR - NN ot AN T
of .~ -'\. .I LI O L ) -'." R h_.‘__. WA 0 X e e A ) PRIV T P GO




e N T T T ———T T ey At Lt a e 8 e e Skt R
Al & I P N s it I il Yt il g Shois S B Sl iy - k et lint et Sht b A R R e L ]

oy

.-.- a &8

Ui
_.-.c

e e

Lo a4 ,

"R PS

Pea %

k(*'ﬁ"

APy

MEIGHT ADTITIONS
17ey

05V LIGH™ SHIF

BRID6E STED EULKMER]

BRIDE: PORT BULYHEAD

BRIDIE ACT Blirkzat

STACH TTET

can
R

DEDIMILSE BUb-El

01 BT ATT guoeetal

€0 § HEA
MEAZ EGI7¥IN
Fen o

PaNThe BUrHEAL
paeT 1w

we: . oC

L re4
&z
- .-

'
Coa e
+

bl 72 B BN YS B AN
oo - -

Rl
- .
C
T
]
v

Al
ARRTSY
LAUNDF Y
RAGIT EQUTF
REEFES-CHILL

W

522.9¢C
0.29
0.29
i3
Gubt
0.0t
oW 1d
%D
0.9
0.0
6.99
018

Vie

L3
34,00
34,00
34.00
8.4
33.00
25.5¢
25,90

e €
acuud

.50
2.5

.50

-t

i

<
c
. c
Lo
* €
e
. c
c-

e e e e
- .

<+
L. IRV BN W I L)

¥4 [}

LR R/ -

R VT -4

€<,
6.0
P
4,7

VL0
7

Lco

g1. 14
42,04
40.00
.00
8.

18.00
5G.5¢
4.9
ML
S1.00
S1.0:
! 1
I3 I
[P

[

v
e

o

&
IS
il
-

Sl

LIGHT SHIF CALZULATIONS

%
0.9

-5.5:
5.5

0.0

1.

e oan

E':

S90t

<k

v
L7 424281

Y -

.
~

9.5 1,40
NN 10,84
S 26,02
-t i '\5 E
0. 2L
2,4 7,00

1oof 2.5

2.0 4.5¢

2. [

4,50 £.e2

= "¢ “c €N

- - [
'.‘J nf o
. -
. ‘L

s L,z

T -e "o

o8 IR

- e s

s e

T e

L
1 dre
-z . €
: s
it Sa.

Yoo

()
M oma pr 3

4

- -
: T
[
A
"
I
¢
L
fo
Ve
17 ’

12,89

o1
¢.0(
-1.8¢
l.ed
0.0%
-4.:5
4.0
6.0
0,00
39

0.8

[
*

¢

-~

'

.
L VR B

L R
>

OO 4m ¢ bw (A e

o

TSNS

T A YRV

»
AN

."-‘-

» o

S IR I

MR
-,
Ly

LRI

. e e o

[




“elaalta LA

v Te Te e ee Velaa L s s

P

Y )

[Pe®a"a" s 2 s

PROVISIONS

REEFER MAZKINEPY

12 MAN BERTHING

HEAD

A/0 SFACE

ENGINEERINE MCFX RQCP
CRY STORES
ENTINEDRIND 2°7ICE
E.ATJFTaTCR

GENZFAL MITITITATIONS
S ARE PARTE

BEREFAL STIFES
JFFILERE COUNTR,
FORWAFZ CREs ESFTHINC
CFZ BEFTHING

S5THL CIEN BEFTAING
PJRT {Riw PIRTVING

TRt

“a .= .
- - R
T 4
wImaloL -

‘Al YRl

1.00
4.09
T.0C
7.0
.00
7.00
7.00
TN
&6
;.UG
§.00
9,06
25.00
17.0¢
17,04

[ )
- 4
n o o
BT

T

9.06 0.0¢ 0.
4,7 .49
.50 Sl
-€.50 8.40
7.5 4.9)  T06.26
7.5¢ 3500 440.00
-TE 9.0% .0

=15t M €.
v ac.5 3T
0.0 470 7.6
=0 .00 0.0

Ry 0,00 0,06
RS 2.5¢ b
fr,ns 6.4 20,40
N 6.8 {
-E. 97 12,60 1
2.4 B.40
: N P N R Y

¢ ,

u

.1 ey
v
N

- rey s
ut PR
N .
NP
- - . -
‘-. e [
w - canc
. LM

i
-~ ar
LN
EG

o ud

RN TR
n

35,71
M

an o
Tl

TR
c-
- .

on

ic £ e
v PRy 1'.-1»
- s T3k ]
.o Eod
- ve ac
. A €. LT
* - - -
.. !--C PR
: conE - 2
L -
T . -
P ) ‘e
- s - .
N P
.z ¢ - - e
-, <. .
o - 5 o
Sl P ¢.8.
RPN 1=.< 47,07
.- . .
.- -.ll
N g €
2Lt
* -~
- e, - -
< « C
z --:
~ .
I3 T.

TISLATIVINT B A
Fe LIEHT BIf
sC‘.‘
-~
-t
"71'
~t
TEIvOIKTHES ¢ 5TERS

DREFT FT

ER LR LR Na T I3, (¥ 2N

)

o
o,

o

....\;_- \_..'-._...\‘.




=~: ! VRO TR T 7Y L obg ba-jia e tgi b PN

» ‘

4‘ .'

+ - (s
X

; RINIMUN OFERATING CONCITION Rt

< ¥EIGMT ADDITIONS T :

1ier W v L TR L . "
05" LIBKT SHIP 522.9¢ 1130 ALt 0.00 5908.77 42428.11 0.0¢ v
BRILSE STBD BULKHEZAD 0.3 .00 4,00 -T.50 $.80 .ot -1.60 )

*J

)

BRIDSE PORT BULYMERD £.29  34.00  40.0C ,.sc 86 11,66 1,60 ,
\ BRI%IE AFT BULKHEAD A3 3A0 400 605 12,76 4584 £.00 f
b/ it ITOF o6y 3806 36.00  -6.50 5.0 25.08  -A.29 J
_ §TaI. BORT poge 3800 389D 650 208 2T 4.2¢
. DEKHIUSE BU_KMERD 6.4 .50 S0.50 0.00  10.2¢ 20,25 0.00 D
¢ 20 LEVE_ AT BLKHEAD 0.8 25.50 £4.00  0.00 20,40 AR 600 "
3 05 HERL 0.05 2550 SL00  7.00 128 2.55  0.35 \
A HELD EQlIFesNT .09 24.50 §i.00 9.00 2.2t 4.5¢ 0.8: z
’ FANTE ¢.09 2550 51.00  -3.00 2.30 459  -0.27 N
ATV BULENIAL ~ 48 25.50 49,00 -7.00 459 8.8 -1
BANTFTY EDLF ¢85 25,50 ELa¢ =704 1215 5.5 -390 -
. et DA77 Go 2300 A%.60 1550 6.8 l0R.8T 24,87 "
. R R R A A S A AL ) :
- S U A Lo S O R L SR JOF CRNNCY N -S W- ;
£ IR TR R SO cEL A L lhY
S RS I i Mo el fp
X ot U SR S Y P .8 IR £ L.
. e e 15 e 8. 7¢ 1. b i
- et LR IR 24 .50 W b ‘
Th TR AL 17,54 kA0 =110 !
SR TN L i POV LN T Rl ra
. LD pTER S T T w5 ‘ii;gii
Y o SRS M S AT 3 e : L
5 T S S LT Mo LS TE (T E
Y il 1. e AE, e Teze Thoal o LLLA -
o PR A A A SR ¢
' RS N R S e s LM M
' B 4E4L ©38 0 1750 003 . 24015 9n.6) 400
: eb 17,50 5900 B TR AL 6 .
3 D4 nE . UM TG C Y Wi ,
' - B8 48 » (6.0 RO TR :
LA -5 ; VL L En : e
. L T - T R o
- s R B N :
-t e N 26¢, 0 "
: - P T SR EN T T 5y
X NS T 3,60 v e SENTLINETRL N 34 R
- LI es Il g AT TIRRE TN & <
N 1.7 T0h BS.C3 -h.00 1887 200 o
T A A AT LLRETE 00N
4 .47 BS540 -1 LT Lnnois -lTL .
. ST BEHEA G825 LT e 102 N
j 1.8° Lot 1683 -0 LRI LI TN I bﬁ
181 ANt BN 2 L .1;. 412 ‘
0.60 10,60 153,00 6,00
Lot IR N D W AT LI TP LI W ¢ -~
3 e ST 3n IAGO 0. Tt AEAD L0 S
X aswis s an .00 8,06 -8 1830 TauCr  -16.00 S
: LAUNTRY (.32 7.0 44,00 -8.)¢ 231 WS L.t <
. RADIT EOUIT 06 7.0 4L00  B.00 2100 126,00  24.00 -
REEFER/CHILL 1.8 7.00 52,00 §.00  9.80 7280 12,8° >

1
SRS LIRS L
LJ.K:-.L&A;LX:.\ !



- ';f';-"-'.;'-'!'-.f IO IOe ‘..r‘.-..»_‘.-_’

SN

PROVISIONS

RECFER WACHINERY

12 MAN BERTHING

HEAD

A/L SPACE

ENGINEERING MORK ROQY
pR STQRES
ENZINCERING QFFICE
IVETJRTATOR

BENERAL WILIFICATIONS
SFAFE FARTS

GENERAL STCRES
OFFICEFS COUNTRY
FORWARD CREM BERTHING
CPD BERTHINS

STEC -REW REFTHING
POS” LSEW BEFTHING
rap.c

Lo TR

ULTRT BUKHERD

CI0 ANST EeWt]
L A Rkl <1 1o 1Y)

2. 2 3 L--‘uu-

am AT

o Mee o

B LKL

e

BRLE

geerose

B0
e meomr
S LTk

oY LT

LIEs WINIMW COERATINT
¥ WIv OF

LTE TT AET 8 FF

TCE F7 +POFT

”7:.

.08 FT 6FT QF FP

T21% [N 45 STER
DRATT £

-
o

% W

<

.
~

.
e-o-owv;_)ﬂ)o'-u!

v A

PI O D e DA O OO
e Pl :
oo o

DY N

—
o
~¢

i~

7,00
4.00
1,08
7.0¢

7.0¢

]
[y
PR I, B SRR

1
AT

-~
=

[RLU IR S, I, Rt

$3.00
se.¢c
66,07
65.00
78,00
86.00
8.0
83,41
HEFUR
120,00
138,67
128,47
38,00
17,44
14,04
85,77
en

e
b

o5
S

&,
- N .v'.

BT - T
YT

R

N

Y TN B
- X d

.....

1045091

N
2.40
S.eC
8.40
46.90
35.00
4.4
7.0
40,00
42
20.07
15.63
22.5¢
20,40
6.88
12,47
£.20
184{.5"
g8

99,97

{3.5¢
-y
o nJ‘
neoad
L. .y

. D
el

1.88

« 9%
esto

- €
Coda

5.7¢
3.0

v e
[

ae v
e,

28.08
3.7
54,4
8. 90
505, 2¢
45,00
49.1¢
88. ¢
87:.4¢
72,06
307,74
236. 4
3.5
YU X
14,40
117,05

HeM
8%
12900

-
.

cr

- - '

.|-h
Lk
-« . L
LA
[ N
oy
AtV
e
HN 1

T
Lo,
~ofpe
e
Tom
.
s




S
.
s
ol
~
Py
o

| =R

i

AP

-
-

NELGHT ADDITIONS
17en 1 v LCh 106 " " "
03V LIGHT SKIF .90 .3 8. 14 0.00 §938.77 42428.11 0.0¢
‘ BRIDSE STBD BULKHEAC 0.2¢  JA0 400 -5.50 9.8t M.e0  -1.60
BRIDBE PORT BULKHEAD 0.29 3400 40,09 9.5 9.8 11.40 1.60
BRIDBE AFT BULKHEAT 0.36 .6 4. 0.00 12,24 15.84 0.90
STAC §TRE 0.4¢  JE.OT LG -850 5.08 W0E 409
STRCL RORT G068 3BL0G 0 3B.O0 6.5 2806 5.8 42§
DECKHRUSE BULKHERL 080 25.5C  §6.50 0.0¢ 10.20 20,20 0.0
0! LEVEL AT BULKHERD (.87 2550 4. 0.0 20,40 &0 0.0
£0 5 HEAD 0.0t 25,50 Sh.0p 7.00 1.2 2.55 0.35
HEAD EQUIFMENT 0.09  28.%¢  §1.00 9.00 2.2 £.59 0.81

MINIMUM OPERATING DAMAGED CONDITION WORST CASE @’

&L

trrel "-ie_,-_m

PANTE s 0.05 2550 5Le2 -Lo¢ LI 4S5 -0 3
PANTRY BULY9ZAT 618 I5.50 49,50 -0 45 B.g2 -1.2
PANTRTY EGLTE 0.5 2550 SL.OU <700 1275 29.80 -1.5C -
PRI DEULT L6 2300 880 1S5 1eR0 105.80 24,80 ’
g SO SR SRR U T A A WL WO <
elp gi T L - S LU OB OB -3 T W B ’
Felk LI e T L LB "
ATy omC WL ORISR Y ) 9.
Bl T R LI S O " ROt S LV W
L LN DR T SURNPTY- 3¢ NS0 LIRS A S 2
REEEET ST I R O S T A N T 9
gL _LE: TR S L R Ot S A T ST RS b 3 1) !
TAE D : B QEET O ELE T g4 580 =S .
SRR SIL Tt T Y 3k o e @ X
(f T g ST e Tge ,
g S S : R - S R
LE T ae e BT TILOC ALY 58
S R O S E L ... (.20 .
R L PN T SO TSC SRR X >
: LIE LS TR G DS %air 000D '
SHELL PLATE VLRI T I S W I, T T s ~
AR A M A S S R ) R Wi N
. o vE atan e LT e -
A LEL s . DI L AN ) L -
S O R Y TR SR VIR S0\1) -
- St Y ot R -
et € e e o T gegl Lo 3
Tt i w5 AL GBI VL N
N L1700 RS TIME SR 5T 10084 -110.47 o
R 1L §30 . 1H4TE TAed 11040 b,
W-1-F DFY 1379 b BSMEY ofe it 6125 188,75 4200 b
T4-I-F pev TS NE BT ge.E SOIE 1e87T 0 2T0. N
C1i-1-K §.87 LS MBS -15 LY ehis -lln M
, -2k B B LR IRIT TN 2l 10 o
STREY L3700 &) fiRan L2 LT 5% -4 2
118-2-4 1,47 ST R PG SO DS LT S PR >
150§ T E Y 7 LA 0 TR R N
APTIRFI .25 7. Sty hph €576 @ v g
LiRE DI LT T NkC b Tt Me ks 0. NN
AFRE 00 Y TG <8000 14t Teu0d -16.00 DA
LAUNDF v 0.7 705 4400 -B.00 L3t 1452 -2.88 W
RATIC EQUIF a6 T.06 42,00 B.00  20.9C  126.00  24.00 o
REEFER/CHILL L4 7000 S2.00 9,00 9.8)  72.80  12.40 -~
. :

P A

[ SRR SN LY

Ll
- ..' ~f

sj‘ J‘.-I_..'~.- ,r. ,f...‘."-" '-'.’ﬁ".\($‘-~f' "
+ L)

T L S R



‘ng‘ PROVISIONS 1.00  53.00 . B0 wen
: REEFEF RACKINERY 0.43 4,00 358.00 4.00 40 I.20 2.40
12 MAN BERTHING 0.80 7.00  &8.00 .50 5.0 5440 1.80
HEAD 1,20 7.06 65,06 -8.5¢ 8.40  78.00 -10.20
R/C SPACE 8.7 7.00  76.00 1.3 46.9¢  509.20  50.25
! ENGINEERING WORS. ROOM 5.00 T.00  88.00 7.50  35.00  440.00  37.50
DRY STORES 0.62 7.00 78,00 -7.50 L4 B 4.1
ENSINEERING CFFICE 1.00 .00 88 -3 7.60  8E.06  -7.S53
EVRPGRTATIR g.0¢ S0 104,00 6.0 4090 832.9% ¢.00
GENERAL MOLIFIZATIONS 0,60 .00 120,00 0.0¢ 20 72.00 0.6
SFARZ FARTS .5 .00 138000 -T.on o 20,07 30T T4 -15.ei
. GENZRAL STORE: 1,87 9.00 18,00 T 1503 230.46 il
OFFICERS COUNTRY 0.9 2580 15,00 0ot RS LR .00
FCRUAFD CREB BEZTHING 120 1700 10 000 20,40 .40 0.00
CFL BEFTRING 2 TS N1 B T S § 8 O 0.8% 14,40 440 -
STEL ZFEN BZFTPING 1.80 T 85000 -G 12,60 117,00 -14.4C ‘f

<o
. 3.’
EAA
e
(%]
(V)
=
e
ol

ol

i AN

PN

Roratan sl s J\

POT IRTH ELRTSING B2 T 8500 BE B4 TB00 S.eh :
CRENE BAL O TESC O AISAD L6 R0 SGCLT 6.6h By
D LEID 19,50 Saw D00 915,00 48600 0.7 )
TRLT TUDRTT :

.0

5.7 Lot BS.GT 128C.00 ¢.00
18,07

IS

.ﬂ 3 L h

) - 3 .80 o
. tl§TerERIIe Lot : Lo n oG .
» N el 5. L % N
y | o L L0 Gt A o,y !
" N AL S0 DR IEE SRS 5.1 " 2

FiKTS. 250 ANSE .07 R 17,00 -4

WEDI TAELE 2 TR I P Y |2 g

BhL_E LY 'O RURRS D) 00 1L .

Histi% : : : BE.O 34 -

.. ’.

| 5

»

BISF WIN BT [ARISED RN L <

k KG BN 0f 16,88 !
LCE F~ AFT 07 o 81.8” ’
168 €7 opO8" .12 =

¥ ‘)::':' LoF FT AFT CF fE 7%.3¢ <
! TRIN IN +BY STZRN 87,17 hy
DRAFT F? 16.30 e
. +

-
.. -
-

T e e e e O e




Ty
L)
&
»

.,(
Y

,'Hq
LY
(l‘ i’.

A it G Gl S M i s i - aki s o i o ete g .‘FY}»W’L’-‘.
D

APPENDIX 5

Structural Calculations

Structural changes for the conversion design are:
1. structural support for concentrated loads on deck
2. structural support for the crane foundation
3. ice strengthening to comply with ABS rules

Structural Support for Concentrated Deck Loads

The required deck plating thickness to support the concentrated
sinker load was calculated using ABS rules 13.3 (Vessels Less Than

200 Feet) where:

s*(h**,5)/460 + .1
minimum deck thickness
beam spacing = 24 for the conversion design
head size= 12 ft for exposed deck
carrying 540 lbs/sq feet

Tt
oW

To account for a load greater than 540 lbs per square feet of
deck space, the head size must be proportionally increased. The
distributed load for a ten ton sinker is 622 lbs per sgare feet.
Using this value, the head size is scaled:

622/(540/12) = 13.82 feet
24*(13.82**.5)/460 + .1 = .294 inches

h
t

Since the existing deck thickness on the typical OSV is equal
to .375 inches, this is adequate suppo:-t for the concentrated ;inker
load.

To evaluate the maximum allowable load for a deck thickness of
.375 inches, the thickness equation is solved for an equiva.ent h

value. Then using this h value and the deisgn ratio, a ma«imum
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concentrated deck load is obtained:

&

s*(h**,5)/460 + .1
{(.375 - .1)*460/24}**2 = 27.78

r
Won

max load = (540/12)/27.78 = 1250 lbs per sqgare feet

As such the existing deck on the typical OSV will be capable of
handling the expected concentrated loading for the conversion
design.

As a check on this calculation, the existing sectional modulus
on the typical OSV was calculated and compared to that required by
the ABS rules. ABS Rules for vessels less than 200 feet, section

6.3, establish the minimum sectional modulus (SM) at amidships as:

SM f *B * (Cb + .5) 1161.8 inches squared feet .

lsﬁ{
with

f

tabulated coefficient = 27.3

breadth in feet = 38

B

Cb block coefficient = .62

The existing SM on the typical OSV was computed using the
longitudinal structural components. These calculations, included on
the following table, indicate that the typical OSV has an existing
sectional modulus of 2176.8 inches squared feet. This fact supports
the data that the existing deck will support the buoy and sinker

loads imposed by the conversion design.
Crane Support

At this stage of the design process, the most importan- dara oo

needed regarding the crane foundation support was the wieght <f such
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structure. An estimate was made using similar ship data. This

weight was estimated to equal ten tons.
Ice Strengthening

The ABS rules, Section 29, for ice strengthening establish the
following ice conditions for the various ice classes:

(A) Class IAA - Full winter operation in solid ice with a
thickness of about 1 meter with an age of ice of one year; ice
ridges may be several meters in depth. In heavy ice, the ice
strengthened vessel would normally operate astern of an ice breaker.

(B) Class IA - Open broken ice operation with 1limited open
water or ice flows with a thickness of 1 kilometer or less. The
broken ice could be up to 1 meter thick.

(C) Class IC - Operation in small ice pieces with considerable
open water.

The goal was to meet the requirements for Class IAA. The
converted design fails to meet these standards for three reasons.
First, Section 29.35.2 of the ABS Rules specifies a minimum frame
thickness of .39 inches. The existing frames are only .3125 inches
and the «cost of reframing would be prohibitive. Secondly, an ice
belt with a thickness of 1.4 inches of mild steel would be required.
The additional weight would 1increase the displacement and draf-
beyond acceptabie limits, Lastly, Section 29.25.1 requires a
minimum SHP of 3500 SHP to be Class IAA. The installed main engines
on a typical OSV are usually 2000 SHP and fall short of this
requirement.

A check was made to see if the converted design met :the

requirements for Class IC. Again, the converted design was
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inadequate on the basis of frame thickness and required ice belt., ‘<& 4

N Even using high strength steel (HY-80) the ice belt would need to be

E .82 inches. Additionally, the bow angle of the converted design is E
> 58 degrees and the ABS Rules specify that the angle be between 22 :
- and 35 degrees.

i It is concluded that the converted design does not meet the

minimum requirements as specified by ABS for ice classification.
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Calculations to Determine the Sectional Modulus of the Typical OSV

The
midship
strength:
Member
bottom
plate

sides

long
blhd

long
inner
bottom
plate

keel
bar

main

summation

Using the information from the preceding table,

following

section

Scantline
(inches)

.375x228

.375x144

.3125x126

.3125x126

.1875x156

1.5x8

.375x228

which

Area
{(in sq)
85.5

54.0

39.37

39.37

29.25

12.0

contribute

dn
(ft)

-7

—5.3

-7.8

5.8

to the

adn

-598.5

ship's

a(dn*x2)

4189.5

821.6

720.8

2826.8

midship's sectional modulus is computed as follows:

i =

vertical

moment of

.nertia

effective for longitudinal strength

dn

assumed axis

a =

Sa*dn = Summation of all values for a * dn

Sa =

Summat ion of all values for a

area of each plate

of each

= 344.99

= -354.9

Sa*dn** = Summation of all vaues for a * dn * dn =

individual

table represents the members of a typical OSV's

longitudinal

648
361.8

361.8

1371.9

the typical OSV

shape

distance of the center of gravity of each shape from the
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! dg = distance from the assumed axis to the true axis in feet = Sav

> Sa*dn / Sa = -1.028

N Sa*dg** = Summation of all values for a * dg * dg = 365.1

"

' I = Moment of Inertia = 2 * (Sa*dn** - Sa*dg**) = 8193.6 N
2 C = distance from the assumed neutral axis to the main deck =

-, 7.528

2 SM = Section Modulus = 1/C =2177 inches squared feet :
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APPENDIX 6

Speed and Power Calculations

Cedric Ridgely-Nevitt's paper, 'The Resistance of a High
Displacement - Length Ratio Trawler Series' was used to predict the
converted design's powering requirements at a range of operating
speeds. These predictions are acceptable for ships with prismatic
coefficients between .55 and .70 and displacement-length ratios
between 200-500.

Using the paper as a guide with the following inputs, the
following data was calculated. The speed power curve for the
converted design 1is plotted and shows that the ship requires

approximately 2000 SHP to operate at 13 knots.

Input data:

prismatic coefficient = 0.70

block coefficient = 0.658

length (forward perpenicular to rudder post) = 149'
dispalcement = 922.3 tons

volume = 322280.5 cubic feet

displacement/length = displacement/(.01L) = 278.81
beam/draft = 4.2

wetted surface area = s = 2.8*volume*length = 6140.7 sq feet
propulsive coefficient = 0.65

Output Data:

Speed v/(L) Cr Ct EHP EHP SHP
knots (10**-3) (10**-3) corrected

8.54 0.7 1.3 3.63 120.9 128.2 197.2
9.77 0.8 1.9 4,2 209.6 226.4 348.3
10.99 0.9 2.75 5.02 356.1 405.9 624.5
12.21 1.0 4.5 6.74 655.7 708.2 1089.5
13.42 1.1 7.4 9.62 1242.1 1316.7 2026.7
14.65 1.2 8.8 10.99 1846.9 2031.6 3125.5
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APPENDIX 7

Fuel Consumption

The following calculations show how the required el

capacities for the converted design were determined.

Fuel Oil: Main Engines Specific Fuel Consumption (SFC)
SFC = .42 1b per hp-hr
Speed = 12.5 kts
Horsepower = 2000

Main Engines
Fuel oil weight .42 1b/(hp-hr)*(4000 nm/12.5 kts)*2000HP

268,800 1lbs or 120 LT

Generators SFC = ,55 1lb per kw-hr
Fuel oil weight .55 1lb/(kw-hr) x 24 hrs x 21 days
3366 lbs or 1.5 LT
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Electrical Generating Capacity Calculation

)
This appendix shows the calculation performed in accordance ,
with SNAME T & R Bulletin 3 - 27 which figures the eletrical "

generating capacity required for a vessel. ~

N : Number of crew members SHP = 2100

« & .8 &4 + L
e
£ 4

Required Kw = 0,015 SHP + 1.6N + 9(N** 5) + 80 o

250 Kw i

This estimate compares favorably with similar ship information.
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APPENDIX 9

Dynamic Stability

This appendix contains detailed information on the stability
analysis of the converted design under various conditions. The
stability of the vessel was checked for adequacy for a 100 knot b-:am
wind, for lifting weight over the side, for towing and for a high
speed turn,

From the SHCP computer program, a Righting Arm Curve was
generated for the typical OSV for two conditions:

a. Normal operating condition
displacement = 1031 LT
KG = 11.22 ft

b. Minimum Operating Condition

displacement = 855 LT
KG = 12.45 ft

Using the stability criteria contained in the U.S. Navy Design
Data Sheet 079.1, analysis was performed to determine whether the

converted design met the requirements for adequate stability.

Wind Heeling:
The heeling arm due to wind is given by the equation:
.004 (V**2) x A x L x (cosine Q)**2

HEELING ARM = —-—---o-mmmommmmmmmmo oo
2240 x Displacement

where: A = projected sail area (sg ft:

= 2900 sq ft

L = lever arm from half draft

to centroid of sail area (ft)

= 18.5 ft

V = wind velocity
= 100 knots

O = angle of inclination (degrees)

Wind heeling arm (full load) =.818*(cos 0)**2
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wind heeling arm (min op) = 1.12*(cos 0)**2 -

Weight Ovar The Side:

R R o

The weight over the side heeling arm equation is: -

t W x a x cosine O ;
. HEELING ARM = -----------——=—--mmm ::
;. Displacement :
1 where: W = weight of lift in ton v,
= 20 ton b
a = transverse distance from centerline to end of 2
4 boom foot. .
’ = 44 ft g
’ M
Heavy weight heeling arm (full load) = .854*cos0 '
Heavy weight heeling arm (min op) = 1.12*cos0 .

3
. Towing: ) v
The heeling arm for towing is given by the equation: QLFQ z
2 x Nx ( SHP x D ) x .667 x S x h x cos O %
HEELING ARM = —----mmmmmm i m e e e e e e e e e e rd
38 x Displacement .
4 where: N = number of propellers = 2 ..
SHP = shaft horsepower per shaft = 1000 S
; D = propeller diameter (ft) = 7 »
S = stream deflection coefficient = .55 ~
h = vertical distance from shaft centerline to .
towing bitts = 1 .5 ft -
Towing heeling arm (full load) = 3.0l*cos0 E

Towing heeling arm (light ship) = 3.66*cos0

-

i, v,

Ly ’e ' 5

4 High Speed Turns: o8
The heeling arm for high speed turns equation is: ﬁ
V*¥*2 X a x cosine O "
HEELING ARM = ~---m-mmmmmmmmem o

g x R R S
SN
where: a = distance between ship's TCG and .alf draft NN }
. = 22 ft >
V = ship velocity = 12 kno or 20.26 ft/sec o

F = one-half tactical diameter = 250 ft
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High speed heeling arm (full load) = 1.12*cos0 e
. 3
N
¢ ':
: The total correction for free surface effects were calculated \
below to equal .074*cos 0. -
. X
X FS = Free Surface Correction -
FS = (SGTL/SGW)*(i/V) £
. where :
. SGTL = specific gravity of tank liquid Y
- = 0.923 for lube oil Py
X = 0.837 for fuel oil y
SGW = specific gravity of water -
? i = moment of inertia of the free surface area about :
3 the longitudinal axes through the centroid of the t
- free surface area >
= 1*(w**3)/12 "o
1 = tank length *
w = tank width

) V = volume of the displacement of the ship K
X = 36085 cubic feet ‘
. Tank 1 w content FSC b
24-1 12 13 FO 0.05 N
24-2 12 13 FO 0.05 ol
74-1 22 6 FO 0.02 N
74-2 22 6 FO 0.02 .
i 96-1 6 6 FO 0.007 ;

96-2 6 6 FO 0.007

; 102-1 4 6 LO 0.002
. 102-2 4 6 LO 0.002 y
112-1 16 6 W 0.008 N
112-2 16 6 w 0.008 .
114-1 14 5 W 0.004 b

- 114-2 14 5 W 0.004
Summat ion .15 9
v

Free Surface Correction = ,15*sin0
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INTACT CURVES OF STATICAL STARILITY
»,
1)
o D1SEL LCu FULE HY  HEEL RA TCE VCH DRAFT TRIM }
o 10310100 0,907 11.22 0,000 0.000  0.000 §.772 - 9.857 0. 300 v
' 10,000 1.711 2.657 6. 002 2.801 0.086
20,000 3.017 4,895 6.592 Q9.795 0,308
0. 000 I.844 b.6H4S 7.402 9.885 1.920 )
. 40,000 4.044 7.808 8.209 9.704 4.852 3
- 50,000 Z.614 8.450 8.848 Q.42 Q.274 :
) 60,000 2.784 8.802 ?.3I53 ?.151 15.321 ’
- 70,000 1.735 ?.011 9.786 8.582 27.789 ;
\ 80O, 000 0.568 ?.125 10.188 7.073 62.94> v
= 0. DHOO P
= B855. 000 Q0% 12.45 0,000 0.000 Q. Q00 S.062 8.654 0,270
- 10, 000 1.743 3,026 S.325 8.556 -0,127
: 20,000 3,363 5.895 &.087 8.347 -0.707%
< 30, Q00 4,006 7.797 &. 958 7.986 -, 247 :
hy 40,000 T.9462 ?.048 7.8%1 7.175 1.106 ¥
. SO L. Q00 3.288 ?.839 8.617 5,922 J.809 P !
0,000 2,366 10.281  9.247 4.105 7.359 @
3 70,000 1.094 10,536 9.7&0 0.637 15.279 >0 .
- 80,000 -0.712 10.670 10,252 -9.353 38.140
" S0, OO0 223 y
.. v
2 £
\ 1
N \
- ht
\

L, \J
" -
.- '
- »
N ;
1 ’
.I '
£ . I

g »!
e, »
E :

R -.\_\_ .

. PN
. AN A
.. Y o)

? :




.:

. N,

‘1

J l\
RIGHTING ARM 3

@, v"’i;. s MIN CP 100 KT WIND '

¥ 4 - ‘]
: &
3

s

\)

2 - 3
. 1 4 \ E‘
X F
o )y

] -1 - R
] s
..I
o .
-2 5
~
Y
-3 - 2
-4 T Y T T T L T :5_-
-30 -10 10 30 50 70 80 -
HEEL -
:
)
! RIGHTING ARM 9
s FULL LOAD 100 KT WIND -
x4
: « R
<+
o
3 -
b =4
J] 2 :
¥ / ~
1 \ \
- o *
0 ">
: - - ':
3 >
. ™
-2
‘ s .
. ‘-‘-..". ‘:
Y =3 - ¢
. ‘-
o
-4 T Y Y T T T T T Y T \
- 30 -10 10 30 80 70 90 oY




& * \ R O xS " @t Sakh Dok o 3 b A LN ) e Y S s Bac et Be Bt A Aas Nat g o ] g VQ o Cat et g o I (7 ) 03 o @8 p b g a0

i
1’ "
¥ ‘
RIGHTING ARM X
3 . FULL LOAD HEAVY OBJECTS OVER SIDE oa B
4 -4 +
R '
' .
: 3 -
'
! t
i' 2 - t
1 4
0 N t
—_1 4 //
I’ g
- /1/ :
-2 / -
a - // :'
- ;
-4 T T T T T T T — T T w3
—-30 -10 10 30 50 70 90 t
0
HEEL A
pa |
> T hod
N
N :
. \
: RIGHTING ARM -
s MIN CP HEAVY OBJECTS OVER SIDE '
4
/——\ t
3 /- \
27 \
. N
1 < -~ N
3 A
o) N
) —_1 / L
-2 _{ /,/
: -3 4 / " 2
-4 T T T T =T T T T T T RS
~30 -10 10 30 50 70 90
. HEEL 9




RIGHTING ARM

FULL LOAD TOWING

[ oxns s S YR A,

7 AT

RIGHTING ARM

MIN CP TOWING

"
"~
>
N
>
A
~
K




SRANIYE, |FrLE

RIGHTING ARM

FULL LOAD HIGH SPEEC TURN

v,
.

=

2]

e g ] 5
>, v,

.y

oo
R
a e s b, 8 g

RN J.,r$...',.f-'\f‘l‘ , __- .'.'-,'e,“-'\.-\_,-__.-&.- .'«,-\ R R BN SN S




Crar. Y5 e L T WO TV TSNS P iy § P g i g gt Lol s AR NS YR . R s Rt b Wat b2~ abk abs ki gt p:

APPENDIX 10
A"
o * «
) ?;39 Floodable Length Calculations

Floodable 1length calculations were performed using the SHCP

computer program for two different conditions:

. Condition 1: Displacement
. deck watertight.
Condition 2: Displacement
deck and main deck watertight.

1275 LT, Machinery

1031 LT, Machinery

Condition 1 was calculated for an 1initial estimate of the
ship's floodable length characteristics. Condition 2 represents the
design's current displacement and arrangement.

The resulting floodable length curves and the computer output

3 are presented for each condition.
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FPETF T FY R ISP,
B

} 4 A - ~ [
SHIP- sy SERIAL NUMBER- O DATE-0O1-16-86
) oy
. AR
K
DESIGN DISPLACEMENT 12759.000 TONS SW
" DESIGN LCG -1,630 FEET FROM AMIDSHIFS «+ FWD)
y DESIGN DRAFT 11.9500 FEET
. DESIGN TRIM 0.000 FEET (+ BY STERN)
s LENGTH OVERALL 155,000 FEET
LENGTH BETWEEN FERFENDICULARS 153%.000 FEET
LENGTH ON DESIGN WATERLINE 155. 000 FEET
¥ STATION OF MAX AREA (AT DWL) 77.500 FEET FROM FP
A BEAM AT STATION OF MAX AREA 38.000 FEET
: SECTION AREA COEFFICIENT 0.9348
. FPRISMATIC COEFFICIENT 0.7048
EBLOCk COEFFICIENT 0, 6588
SHIP- asv SERIAL NUMBER- 0 DATE-01-16-86
FLOODABLE LENGTH CALCULATIONS —~ MARGIN LINE HEIGHTS
MARGIN LINE ASSUMED 3 INCHES BELOW UFFERMOST Z OF STATION.
INFUT CHANGES INDICATED RY ##%
:.74 STATION DISTANCE FROM FF HEIGHT ABOVE BL
. - IN FEET IN FEET
L]
4 0. 000 0.00 22.54
! 0,500 7.7% 22.38
" 1.000 15.50 22.17
1.500 25,25 22. 11
2.000 31.00 21.89
- . 000 46,50 21.46
3 4. 000 &2.00 21.46
. 5. 000 77.50 21.46
{ 6,000 93.00 13.2S
. 7. 000 108,50 13.25
8. 000 124,00 13.2
8.%500 131.7% 13.25
Q. 000 129,50 13.295
: ?.500 147.25 13.25
) 10,000 155. 00 13.25
4
X MINIMUM FERMEABILITY 0.175
f INPUT PERMEABILITY 0.950 0.850 0,750
L]
<<
' o7 s,
o
\ C:ﬁ*¢
ot







osv SERIAL NUMBER- 0 DATE-01-16-86

FLOODABLE LENGTH AT 0.850 FPERMEARILITY

LOCATION STATION FLOODAEBLE LENGTH DRAFT FORWARD DRAFT AFT
FT FROM FF FEET FEET FEET

21.781 END POINT 4%.5963 21.879 7.497
23,250 1.500 41.7366 21,4658 7.645
27.125 1.750 36.8:21 20,868 8.158
31.000 2,000 33.209 20,137 8,658
34.8735 2.250 30.4446 12.489 ?.091
38.750 2.500 28.786 18.863 ?.508
42.625 2.750 27.652 18.258 ?.911
44,3500 3.000 26.771 17.688 10,291
S0.375 3.250 26.081 17.144 10,654
54.250 2.900 25.545 16.4624 11.001
58.129 3.750 259.119 16.124 11.334
62. 000 4,000 24.7467 15. 644 11.654
65.875 4,250 24.454 15.182 11.962
69.750 4.S00 24.144 14.738 12.268
73.625 4,750 27.812 14,312 12.542
77.300 S.000 2%.439 3.903 12.814
81.379 5.250 23.047 13.511 13.076
835. 250 5.500 21.785 13.064 13.2S0
89,125 5.7%0 19.110 12.573 13,280
23.000 6. 000 16.994 12,200 13.250
96.875 6.250 15.283 11,903 13.250
100,730 6.500 13.919 11.4664 13.250
104,625 h.750 12.889 11.465 13.280
108.500 7.000 12.154 11.299 13.250
112.375 7.250 11.672 11.156 13,280
116.250 7.3500 11.426 11.034 13.250
120,125 7.750 11.420 10.928 13,250
124,000 8. 000 11.714 10.836 13,280
127.873 8. 250 12.7311% 10,754 13,250
131.750 8.500 13.226 10.682 13.250
135,625 8.750 14.441 10.617 153,250
139.3500 ?. 000 15.880 10,597 13,280
143,379 ?.250 17.48S 10,504 13,250
14%5.7%7 END FOINT 18.526 10.475 13,230
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e¥s ave s a B

SHIF-— asv

LOCATION
FT FROM FF

2R.613
27.125
1,000
34.87%
w8, 750
42,629
46,500
S0, L7275
54, 050
SE. 1Y
&L OO0
65.875%
oY, 750
P65
27500
H1.375
WS LSO
87.125
YT OO0
vs.8 75
LOQ, 750
104,625
108, S00
112,378
116.250
120.12%
124, 000
1227.879
131.750
135,629
159, 500
14 52,375

144, 580

FLLOODABLE LENGTH AT 0.7350 FERMEABILITY

STATION

END FOINT
1.750
2. Q00
2.290
2800
2. 750
DN
D250
20500
Z.750
4, OO0
4,250
4,500
4,750
e D)
S. 250
S SO0
S.750
&H .00
6. 250
6. 500
&.750
7.000
7250
7.500
7.750
8. 000
8.250
8. %00
8. 730
Q.0
9. IS0

END FUINT

FLOODABLE LENGTH DRAFT FORWARD DRAFT AFT

FEET

47.225
42,334
a8.274
E2S. 000
32.871
31.499
S0, 495
29.4691
29.0%4
28.542
28.115
27.737
27.377
27.001
26.598%
26.120
24,659
21.658
19.260
17.3738
15.806
14,637
13.802

3.287
12.972
12.978
13.313

3.981
15.012
14,366
17.96%
19.757
20,440

N

SERIAL NUMBER-

FEET

21.133
20,645
19.981
19.409
18.823
18.237
17.674
17.136
16.619
16.123
15.644
15.183
14,739
14,3173
13.904
13.5911
13.064
12.574
12,200
11.903
11.664
11.466
11.299
11.157
11.036
10,930
10. 878
10,757
10.68%
10,621
10,561
10,507
10,490

FEET

7.995
8.320
8.762
9.144
?.935
9.925
10,301
10. 659
11.004
11.335
11.654
11.961
12.257
12.541
12.814
17.076
13,250
13.250
13,250
13,250
13.250
13,250
13.250
13.250
13,250

13.250
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SHIP- osv SERIAL NUMBER- 1 DATE-01-29-84

DESIGN DISPLACEMENT 1031.000 TONS SW
DESIEBN LCG -0.12% FEET FROM AMIDSHIPS (+ FWD)
DESIGN DRAFT ?.790 FEET
DESIGN TRIM 0.250 FEET (+ BY STERN)
LENGTH OVERALL 155.000 FEET
LENGTH BETWEEN FERFENDICULARS 1355.000 FEET
, LENGTH ON DESIGN WATERLINE 154.994 FEET
STATION OF MAX AREA (AT DWL) 98.133 FEET FROM FP
BEAM AT STATION OF MAX AREA 38.000 FEET
SECTION AREA COEFFICIENT 0.9349
FRISMATIC COEFFICIENT 0.6671
BLOCK COEFFICIENT 0.6237
SHIP- asv SERIAL NUMBER- 1 DATE-01-29-86

FLOODAELE LENGTH CALCULATIONS ~ MARGIN LINE HEIGHTS

MARGIN LINE ASSUMED 3 INCHES BELOW UPPERMOST Z OF STATION.
INPUT CHANGES INDICATED BY #»

i STATION DISTANCE FROM FP HEIGHT ABOVE BL

= IN FEET IN FEET
8*
T 0.000 0.00 22.54
- 0.500 7.75 22.38
1.000 15.50 22.17
1.500 23.25 22.11
2.000 31.00 21.85
3.000 46.50 21.46
4,000 62.00 21.46
5.000 77.50 21.46
6.000 93.00 13.25
7.000 108.50 13.25
8. 000 124.00 13.25
8. 500 131.75 13.25
9.000 139.50 13.25
9.500 147.25 13.25
10.000 155,00 13.25

MINIMUM PERMEABILITY 0. 341

INPUT PERMEABILITY 0.950 0.850 0.750
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i SHIP- osv SERIAL NUMBER-~ 1  DATE-01-29-86 'é
TN NN "
N :
FLOODABLE LENGTH AT 0.950 PERMEABILITY
i.
LOCATION STATION FLOODABLE LENGTH DRAFT FORWARD DRAFT AFT Ky
FT FROM FP FEET FEET FEET "
21.981 END FOINT 43.962 22.540 3.901 §
23.250 1.500 42.628 22.540 3.979
27.125 1.750 40.199 22.540 4.315 )
| 31.000 2.000 39.293 22.540 4.75S o
{ 34.875 2.250 39.347 22.540 5.26%5 A
. 38.750 2.500 40.237 22.540 5.838 iy
42,625 2.750 41.800 22.540 6.477 5
46.500 3.000 43.371 22.285 7.226
S0.375 3.250 42.518 20.901 8. 149 ;
S4.250 3.500 42.002 19.730 8.930 c)
58.125 3.750 41.799 18.751 9.582 L
62.000 4.000 41.684 17.836 10.193 -4
65.875 4.250 41.571 16.955 10.780 "4
69.750 4.500 41.416 16.099 11.350 3
73.625 4,750 41.171 15.269 11.904 b
77.500 S. 000 40.792 14,462 12.442
F 81.37S S. 250 40,266 13.683 12.962
. 85. 250 5.500 37.894 12.749 13.250
: 89.125 5. 750 33.793 11.795 13.250 .
: 93.000 6.000 30.413 11.062 13.250 A
: 96.875 6.250 27.637 10.482 13.250 o
e 100.750 6.500 25.355% 10.007 13.250 e
i_." 104.625 6.750 23.543 9.618 13.250 N
A Ay 108. 500 7.000 22.200 9.291 13.250 .
. 112.375 7.2%0 21.320 9.013 13.250 -
. 116.250 7.%500 20.891 8.773 13.250 e
: 120.125 7.750 20.936 8.567 13.250 ]
: 124.000 8.000 21.449 8.387 13.2%0 v
127.875 8. 250 22.4%53 8.230 13.250 s
131.750 8.500 23.933 8.091 13.250
: 135.625 8.750 25.782 7.966 13.250 -
. 139.500 9. 000 27.908 7.852 13.250 A
~ 140.699 END FOINT 28.602 7.818 13,250 "
)
N Tn
;‘
\N
A
W\
WY
X
j + - B
. et .
SN .

'
.
o
.
0




vopb, mi gk ek

~
L)
q
R P

ty
25
=
+ P Y

SHIF- [WEY) QEG 1 A1 KMiwm
i
%
) BER~ 1 DATE-01-29-86 ¢
: '
) FLOODABLE LENGTH AT 0.850 PERMEABILITY
3
. LOCATION STATION FLOODABLE LENGTH DRAFT FORWARD DRAFT AFT '
. FT FROM FF FEET FEET FEET k
24.527 END FOINT 49,053 22.540 4.268 b
27.12% 1.750 46.832 22.540 4.458
31,000 2. 000 45.347 22.540 4.860 .
34.875 2.250 45,180 22.540 S.344 B¢
38, 750 2. 500 45.999 22.540 5.899 !
42.625 2.750 47.621 22.540 6.522 Ky
: 46.500 3. 000 49.075 22.220 7.270 >
\ S50.375 3. 250 47.988 20.871 8. 169 8
: 54. 250 3,500 47.317 19.718 8.938
58.125 3.750 47.016 18.747 9.585
. 62.000 4.000 46.812 17.837 10,192 S
; 65.875 4.250 46.620 16.959 10.777 .
69. 750 4.500 46.389 16,105 11.346 o
73.625 4,750 46.062 15.274 11.901 <
77.500 5. 000 45. 606 14,465 12.440 N M
81.375 5. 250 45.029 13.684 12.961 :
85.250 S5.500 42.399 12.749 13.250 = =
, 89.125 5.750 37.820 11.795 13.250 - o
93. 00O 6.000 34.069 11.063 13.250
96.875 5.250 30.990 10.484 13. 250
100. 750 6.500 28. 464 10.011 13.250 A
104. 625 6.750 26.461 9.622 13.250
108. 500 7.000 24.961 9.297 13.250
112.375 7.250 23.978 9.020 13.250 -
C 116,250 7.500 23.520 8.782 13.250 hy
. 120.125 7.750 23.580 8.576 13.250 »
124. 000 8. VOO 24.149 8.399 13,250 "
127.875 8. 250 25.266 8.243 13.250 o
131.750 8.500 26.860 8.105 13.250 .
135. 625 8.750 28.837 7.981 13.250
139.458 END FOINT 31.085 7.869 13. 250 o~
~
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SERIAL NUMBER- DATE-01-29-86

FLOODABLE LENGTH AT 0.750 PERMEABILITY

LOCATION STATION FLOODABLE LENGTH DRAFT FORWARD DRAFT AFT
FT FROM FF FEET FEET FEET

28.202 END POINT S6.405 22.540 4.833
31.000 2.000 94.415 22.540 S.059
34.875 2.250 $53.599 22.540 5.491
38.750 2.500 54.189 22.540 b6.014
42.625 2.750 55.771 22.540 b.613
46, 500 3.000 S56.682 22.08% 7.360
50.375 3.2%0 95.204 20.806 8.213
54,250 3.500 54.261 19.689 8.958
58.125 3.750 $3.793 18.734 ?.594
&2, 000 4.000 53.452 17.833 10,194
65.875 4.250 §3.132 16.961 10.776
&6&9.750 4,500 92.766 16.109 11.344
73.625 4.750 52.306 15.277 11.899
77 .500 F.000 S$1.783 14.469 12.438
81.375 $5.250 S1.112 13.4688 12.958
a85. 250 S.500 48.174 12.754 13,250
89.125 $.75%0 42.994 11.798 13.250
9. 000 6. 000 38.765 11.067 13.250
96.875 b6.250 35.306 10.490 13.250
100, 750 &.500 32.476 10,017 13.250
104. 8625 65.730 30.231 Q.630 13.250
108. 500 7. 000 28.9541 ?.306 13,250
112.373% 7.250 27.437 ?.030 13.250
116.250 7.500 26.941 8.794 13,250
120.125 7.750 27.018 8.5%90 13.250
124,000 8. 000 27 .663 8.416 13,250
127.87% 8.290 28.903 8.261 13.250
131.7S0 8.500 30.624 8.124 17,250
135.625 8.750 32.743 8.001 13.250
137.925 END FOINT 34,149 7.934 13,250
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APPENDIX 11 %
A Seakeeping and Motions t
s O
Seakeeping and motion predictions are presented in two forms; a -
n
computer generated seakeeping estimation and similar ship data. 7
This appendix provides some backround information on the Bales '

Seateeping Program used in this report to estimate the converted
design's seakeeping. The program, based on work done by Nathan .
Bales, calculares the relative seakeeping performance of a defined "
ship hullform. This performance criteria, known as BaleSeakeeping :
Rank Estimator, R, is based on the following equation. -
R=8.42+451*CWPF+101*CWPA-37B*(T/L) "
+ 1,27 (C/ L) - 23.5 * CVPF - 15.9 * CVPA >
where: CWPF = waterplane coefficient forward of midships .
CWPA = waterplane coefficient aft of midships :
T = draft 3
L = length between perpendiculars X
Y c = cutup point, distance aft of the forward P
& perpendicular where the keel rises -
i CVPF = vertical prismatic coefficient forward o3
CVPA = vertical prismatic coefficient aft g
: 5
:
Bale's Rank Estimator can have values between 0 and 10, with 10 .
indicating the best seakeeping performance. .
*
In addition to calculation of R factor, the following wvalues N
ar'® also calculated: f
-
- Sectional areas for input stations N
- Interpolated values for 21 evenly spaced stations: X
- station number .
- distance aft of the forward perpendicular ’
- design waterline offset ;
- sectional area ol

- Area of the waterplane forward/aft of amidships

- Waterplane coefficients forward/aft of amidships 3
- Displaced volume forward/aft of amidsnips )
- Vertical prismatic coefficient forwvard/ait of amidshigs G
4, [
N
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- Cutup point ?
V.
Additionally, if R is not satisfactory, the program will give &
recommendations for further improvements on the seakeeping :
characteristics of the hull,. £
Similar ship data allows a comparison for the converted D
design's seakeeping potential. Such data, from John C. Daidola's :
paper "Space Shuttle Booster Retrieval Platform for the United ‘,
>
States Air Force", is presented below for a 190 foot, 1400 ton OSV R
")
r
in sea state 4 beam seas: Q2
3
C
Natural Period of Roll = 4.8 sec ¥ ﬁ‘
Natural Period of Pitch = 5.6 sec @ =
H 1/10 = 8 ft Forward speed = 4 knots ) ﬁg
Response measured = A 1/10 i;
K i
Wave period (sec) 6 7 8 9 10 it
________________________________________________ S
Heave (ft) 3.8 3.8 3.8 3.8 3.8
Pitch - - - ~ - L
Roll (degrees) 14.5 11.5 9.2 8.0 6.3 L
Sway (ft) - - - - 3.9 oy
H 1/10 = 5 ft Forward speed = 4 knots :;
Respons measured = A 1/10 0
Wave period (sec) 6 7 8 9 10 G
Heave (ft) 2.4 2.4 2.4 2.4 2.4 g5
Pitch - - - - - vy
Rolll (degrees) 8.6 7.1 6.0 4.9 4.0 S
Sway (ft) 1.9 2.1 2.2 2.3 2.4
AR
\ =N
. J
-
2




.
) 3 M
5 . . o
_ﬁg Computer analysis of an 0S8V hull form indicate the following 4
! ,
(3]
motions in a seaway: =
\ N
: Heading 0 45 90 135 180 ;
____________________________________________ A
; Sea State 2 K
Heave (ft) .03 .04 .43 .07 .04
Pitch (deg) .09 .10 .10 .14 .10 -
Sway (ft) .02 .13 .03 !
Roll (deg) .22 1.9 .22 A
Yaw (deg) .05 .1 .06 2
Sea State 3 it
H .74 1.3 3.5 1.3 .78 L
y P 1.78 2.3 .2 2.8 2.5 i
> S 1.0 3.4 1.0 7
. R 4.3 20.9 5.0
: Y 1.1 .6 1.3 .
2 Sea State 4 .
H 4.06 5.33 8.26 5.33 3.94 o
p 5.72 5.72 .26 6.48 6.48
g S 3.81 8.0 3.68
5 R 8.76 31.88 9.65 #
- Y 3.1 .9 3.30 a
: Sea State 6 2
H 13.72 159 18.54 15.37  13.59 4
t‘, p 12.32 10.67 .25 11.56 .
~ S 10.67 .26 10.67
Y 6.1 1.14 6.62 X
Note: 180 denotes head seas N
‘ R
X
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SHIP--0SV SERIAL NUMEER-- 1

BALES SEAFEEFING EQUATION IS:
¢ = 8.42 + ASICWFF + 101CWFA — I7.8(T/L) + 1.27«C/L) - 23.5CVFF - 15.90VFA
BALES SEAKEEFING RANkK ESTIMATOR FOR THIS SET OF OFFSETS IS R = g.0%

THE TERMS OF BALES ERDUATION ARE:

45, 1*CWFF = 35,01
10, 1#CWFA = ?.69
37.88(T/L) = 2.32
1.27%(C/L) = .87
23.9#CVFF = 18.795
15,.9#CVFA = 10.14

RALES EMFIRICALLY DERIVED HIS EQUATION BASED ON 20 OPERATING
USN DESTROYER TYFE HULLS.

LISTED IN THE FOLLOWING TABLE ARE:

1. BEST CASE -- THAT VALUE OF THE GIVEN COEFFICIENT FROM THE
DATA BASE WHICH MAXIMIZES BALES ESTIMATOR.

2. WORST CASE —— THAT VALUE OF THE GIVEN COEFFICIENT FROM THE
DATA BASE WHICH MINIMIZES BALES ESTIMATOR.

Z. CONSTANT -— THE CONSTANT WHICH MULTIFLIES THE GIVEN COEFFICIENT
IN BALES ECGUATION.

4. FOTENTLAL CHANGE -~- THE FOTENTIAL CHANGE T0 EBALES ESTIMATOR

IS BASED ON THE DIFFERENCE OF THE BEST CASE AND WORST CASE

IF THE GIVEN COEFFICIENT., MULTIPLIED BY ITS RESFECTIVE CONSTANT.

THIS FOTENTIAL UCHANGE FACTOR SHOULD EBE A CONSIDERATION WHEN EVALUATING
ANY RECOMMENDATIONS.
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5. UCALCULLATED VALUE ~—— THE VALIIE CALCULATED FROM THE GIVEN SET OF OFFSETS. b
&, FERCENTAGE —-- IF THE WORST CASE VALUE IS A MINIMUM., THEN
FERCENTAGE = CALC. VALUE/WORST CASE VALUE
IF THE WORST CASE VALUE IS A MAXIMUM, THEN
FERCENTAGE = WORST CASE VALUE/CAL.C. VALUE.
IF FPERCENTAGE IS LESS THAN 1,0, THEN SUGGESTIONS ARE OFFERED FOR
IMFPROVING THE GIVEN COEFFICIENT.
1 FERCENTAGE IS GREATER THAN 1.0, THEN THE CALCULATED VALUE IS
BETTER THAN THE WORST CASE.
SHIF~--0O%V SERIAL NUMRER-—- 1
BEST WORST FOTENTIAL CALCULATED iﬁg?
CASE CASE CONSTANT CHANGE VALUE FERCENTAGE T
CWFPF .698 (565 +45.1 S.999 0.776& 1.37
T/L L0315 .0411 -3I7.8 3.673 0.061 0.467
CVFF 677 .807 -23.5 2.089 0.798 1.01
CVFA . S951 . 690 -15.9 2.207 0.678 1.08
CWFa  .927 .87%4 +10.1 0.887 0.960 1.15
L L 8G0 . HOG + 1.27 0,318 0. &89 1.15
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APPENDIX 12 2

¥

o '!
& :
‘ Trimlines After Compartment Flooding =
&3

r

o,

E To evaluate the actual effects of compartment flooding, the E

TRIMLINES portion of SHCP was used to determine the forward, he
amidships, and aft drafts when specified compartments were flooded. '

The specific compartment locations and their associated -
permeabilities are input as a data file into the program. This data
is contained in the table below. Variations to the accepted )

permeation values for specific compartments account for the presence
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of wing tanks surrounding the compartment. Flooding is calculated

as extending from side-shell to side-shell.
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Fb
Frame ?‘
Compartment Primary Use Location Permeability g.

6;6 1 Fore Peak Tank 0 - 10 .10

. 2 Forward Ballast 10 - 24 .10 -

3 Bow Thruster Room 24 - 48 .65 :
! 4 Berthing 48 - 74 .95 o
5 Eng. Work Space 74 - 95 .95 "

6 Main Engine Room 95 - 126 .85 N

7 Stores 126 - 142 .85 ‘

8 After Steering 142 - 150 .85 o

9 Ballast Tank 150 - 155 .10 R
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Compartments Flooded Resulting

In Damaged Condition Condition =

! 1 Survives ﬁ
‘ 2 Survives -
3 Survives )

4 Survives :
5 Survives —

6 Flounders :Q
7 Survives X
8 Survives .

9 Surv.ves ’
1 ard * Surs . ces 7

g ,'.';.:- ‘:
Daovs -
-"

B e AP ol L o L L L T R T S L T e e = e N L Y




X

. B

iy

Vg

¥

N

2 and 3 Survives .

3 and 4 Amidships Awash e

4 and 5 Amidships Awash 4

5 and 6 Flounders P.

6 and 7 Flounders .

7 and 8 Survives o

8 and 9 Survives ~

1,2 and 3 Survives -

2,3 and ¢ Amidships Awash ph

3,4 and 5 Flounders g

4,5 and 6 Flounders h

5,6 and 7 Flounders ]

7,8 and 9 Survives >
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In summary, the calculations agree with the predictions made in -3

o,

. . . e

the floodable 1length segment of the project. As predicted, if the P
engine room floods, the margin line becomes submerged. The same }:
scenario follows for any combination of adjacent compartments whc = ﬁ'
total length exceeds the allowable lengths at their mid-distance. e ‘:
The calculations for the resulting trimlines due to damage in all E!EE E:‘
LY +
cases agree with the allowible floodable length calculations. oy
9!
The following computer output was used to predict the ships .
survivability. It is noted that a blank response or a "NO BALANCE" X
i

response indicates a conditioat which the ship does not remain :§_
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SHIP-QSV SERIAL NUMBER- 1 DATE-01-29-86
TRIM LINE CALCULATIONS

DAMAGED COMFARTMENTS FOR CONDITION 1

COMFARTMENT FWD BULEHEAD AFT BULEKHEAD PERMEABRILITY
NUMBER FEET FROM FF FEET FROM FF

1 0. 000 10,000 0.100

CONDITIONS AFTER DAMAGE

DISPLACEMENT 1031,.727 TONS SW

LONGL C.G. ~-03.,777 FEET FROM AMIDSHIPS (+ FWD)

DRAFT AMIDSHIFS 9.865 FEET

DRAFT AT FP 9.757 FEET

DRAFT AT AP ?.973 FEET

TOTAL TRIM 0.216 FEET

FLOODED WATER 0.727 TONS SW

LCG OF FLD.WTK. 71.141 FEET FROM AMIDSHIFS (+ FWD)

SHIP-0SV SERIAL NUMBER- 1 DATE-01-29-86

TRIM LINE CALCULATIONS
DAMAGED COMPARTMENTS FOR CONDITION 2

COMPARTMENT FWD BULKHEAD AFT BULKHEAD FERMEABILITY
NUMEBER FEET FROM FF FEET FROM FF

2 10.000 24,000 Q.100

CONDITIONS AFTER DAMAGE

DISFLACEMENT 1034.601 TONS SW

LONGL. C.35. -0.621 FEET FROM AMIDSHIFS (+ FWD)

DRAFT AMIDSHIFS 9.889 FEET

DRAFT AT FP 9.835 FEET

DRAFT AT AP ?.942 FEET

TOTAL TRIM 0.107 FEET

FLOODED WATER 3.601 TONS SW

LCG OF FLD.WTR. $8.428 FEET FROM AMIDSHIFS (+ FWD)

SHIF-0OSV SERIAL NUMBER- 1 DATE-01 -29--36

TRIM LINE CALCULATIONS

DAMAGED COMF




e e,

ARTMENTS FOR CONDITION 2

COMFARTMENT  FWD BULEHEAD AFT BULEHEAD FERMEABILITY
NUMEE R FEET FROM FFP FEET FROM FF

24,000 48. 000 0.650

CuND Y TIONS AFTER DAMAGE

DISFLACEMENT 1183, 272% TONS Sw

LUNGL (.06, 4.521 FEET FROM AMIDSHIFS (+ FWD)

DFAFT AMIDSHIFS 11.060 FEET

DRAFT AT FF 15,231 FERY

LRAFT A1 AE &.88% FEET

Tital TRIM -4.34: FEET

FLOODED WARTER 152.235 TONS SW

LLs UF FLD.WITK. 40,745 FEET FROM AMIDSHIFS (+ FWD)

SHIF--0S8V SERIAL NUMBER- 1 DATE-01-29-86

TRIM LINE CALCULATIONS

DAMAGED COMFARTMENTS FOR CONDITION 4 ﬂ
COMEFARTMENT FWD RULKHEARD AFT BULKEHEAD PERMEARILITY ~.--———~
N!UMBER FEET FROM FF  FEET FROM FP
4 48, OO0 74,000 Q. 950

CONDITIONS AFTER DAMAGE

DISFLACEMENY 17342.942 TONS sW

LONGL C.G. 3.20% FEET FROM AMIDSHIFS (+ FWD)

DRAF T AMIDSHIFS 12.127 FEET

DRAFT AT t+F 14,2758 FEET

DRAFT AT AF 10,016 FEET

TOTAL TRIM ~-4.222 FEET

FLOUDED Wi ER 211.942 TONS SW

LG OF FLD.WTHR., 16.525 FEET FROM AMIDSHIFS (+ FWD)

SHLE 08V SERIAL NUMEBER- 1 DATE-01-29--86
TRIM LINE CALCULAT TONS
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DAMAGED COMFARTMENTS FOR CONDITION S

COMFARTMENT FWD BULKHEAD AFT BULKHEAD FERMEARILITY
NUMEBER FEET FROM FP FEET FROM FP

S 74. 000 P5. 000 0.950

CUNDITIONS AFTER DAMAGE

DISFLACEMENT 1262.198 TONS SW

LUNGL. C.G. -1.960 FEET FROM AMIDSHIFS (+ FWD)

DRAFT AMIDSHIFS 11.401 FEET

DRAFT AT FF 11.247 FEET

DRAFT AT AF 11.554 FEET

TOTAL TRIM 0.306 FEET

FLOODED WATER 231.198 TONS SW

LCG OF FLD.WTR. -7.012 FEET FROM AMIDSHIFS (+ FWD)

SHIP-0SV SERIAL NUMEBER- 1 DATE-01-29-86

TRIM LINE CALCULATIONS
DAMAGED COMFARTMENTS FOR CONDITION &

COMFARTMENT FWD BULKFHEAD AFT BULKHEAD FERMEARILITY
NUMBER FEET FROM FFF FEET FROM FF

6 95 . 000 126.000 Q. 8%0

CONDITIONS AFTER DAMAGE

DISFLACEMENT 1347.549 TONS SW

LONGL C.G. ~8.9562 FEET FROM AMIDSHIFS (+ FWD)
DRAFT AMIDSHIFS 12,422 FEET

DRAFT AT FF 7.996 FEET

DRAFT AT AF 16.849 FEET

TOTAL. TRIM 8.85T FEET

FLODDED WATER
LCG OF FLD.WTR,

TONS Sw
FEET FROM AMIDSHIFS (+ FWD)

SHIF-0sV SERIAL NUMBER- 1 DATE-01-29-86




TFIM LINE CALCULATIONS
DAMAGED COMFARTMENTS FOR CONDITION 7

COMFARTMENT FWD BULKFHEAD AFT BULKHEAD FPERMEARILITY
NUMRER FEET FROM FF FEET FROM FF

7 126. 000 1472, OO0 0.850

CUNDITIONS AFTER DAMAGE

L UL ACEMENT 1101.799 TONS SW
D LCUNGL L. G, -4.73%7 FEET FROM AMIDSHIPS (+ FWD)
. UROFT AMIDSHIFS 10,242 FEFT
S LR Al FF 9.047 FEET
DEBE T AT AF 11.437 FEET
L orral TRIM 7.390 FEET
' FLODDED WATER 70.799 TONS SW
LCG UF FLD.WIR. -55.444 FEET FROM AMIDSHIFS (+ FWD)
SH] -5 SERIAL NUMBER- 1 DATE-01-29-86

TRIM LINE CALCULATIONS
DAMAGED COMFARTMENTS FOR CONDITION 8

CoMPARTMENT  FWD RULEHEAD AFT BULKHEAD FERMEABILITY
NUMBER FEET FROM FF FEET FROM FF

8 142, 000 150. 000 0.850

- CONDITIONS AFTER DAMAGE

DISFLACEMENT 1041.357 TONS SW
LONGL C.G. -1.496 FEET FROM AMIDSHIFS (+ FWD,
DREFT AMIDSHIFS 9.912 FEET
L DRAFT AT FF ?.S91 FEET
DAFT AT AF 10,272 FEET
roTaL rkim O.641 FEET
FLODDEL WATEKR 10,757 TONS SW
L HFE FLDL MR, ~67.972 FEET FROM AMIDSHIFS (+ FWD)
S SN SER1AL NLMBER- 1 DATE-01-29-86
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DAMAGED COMPARTMENTS FOR CONDITION 9 -

COMFARTMENT FWD BULKHEAD AFT BULKHEAD FPERMEABILITY
FEET FROM FP FEET FROM FFP

NUMEER
@3 9 150. 000 155. 000 0.100

CONDITIONS AFTER DAMAGE

INCHERES

S

[ A

~

. DISPLACEMENT 1031.325 TONS SW
" LONGL C.G. -0.851 FEET FROM AMIDSHIFS (+ FWD) .
DRAFT AMIDSHIFS 9.860 FEET ;
DRAFT AT FF 9,729 FEET
4 DRAFT AT AF 9.992 FEET Y
.
! TOTAL TRIM 0,264 FEET i
" FLOODED WATER 0.325 TONS SW v
LCG OF FLD.WTR. -74.979 FEET FROM AMIDSHIFS (+ FWD) A
SHIP-0SV SERIAL NUMBER- 1  DATE-01-29-86 J
. TRIM LINE CALCULATIONS :
. DAMAGED COMFARTMENTS FOR CONDITION 10 2
. ¢
' COMFARTMENT FWD BULKHEAD AFT BULKHEAD FERMEAEBILITY v
NUMBER FEET FROM FP FEET FROM FP
> 1 Q. 000 10. 000 0.100 A
b, 2 10,000 24, 000 0.100 b
y ke
C;_‘f CONDITIONS AFTER DAMAGE !
e DISPLACEMENT 1035.379 TONS SW S
‘ LONGL C.G. -0.568 FEET FROM AMIDSHIFS (+ FWD) ~
v DKRAFT AMIDSHIFS 9.895 FEET N
; DRAFT AT FF 9.860 FEET e
‘ DRAET AT AF 9.930 FEET z
TOTAL TRIM 0.071 FEET ‘
. FLOODED WATEK 4,379 TONS SW »
' LLG OF FLD.WIK. 60.648 FEET FROM AMIDSHIFS (+ FWD) ;
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SH1F-0OSV SERIAL NUMRER-— 1
*RIM LINE CALCULATIONS
DAMAGED COMFARTMENTS FOR CONDITION 11

COMFARTMENT FWD BULKHEAD AFT BULKHEAD PERMEARILITY

NI IMBE R FEET FROM FF FEET FROM FP
o 10 OO0 24, 000 Q. 100
= d4., 000 48, 000 0. 650

CONDITIONS AFTEFR DAMAGE

D1ISPLACEMENT 1192.146 TONS SW

LOMGL C.G. 4.891 FEET FROM AMIDSHIFS (+ FWD)

DRAFY AMIDSHIFS 11.130 FEET

LRAFT AT FF 17.479 FEET

DR&ET AT AF 8.781 FEET

'O1AL TRIM ~4.697 FEET

FLOODED WATER 161.146 TONS SwW

Lib OF FLD.WTR. 41.481 FEET FROM AMIDSHIFS (+ FWD)
SHIF-0SV SERIAL NUMBER- 1

TRIM LINE CALCULATIONS
DAMAGED COMFARTMENTS FOR CONDITION 12

COMFARTMENT FWD BULKEHEAD AFT BULKHEAD FERMEARILITY

NUMEE R FEET FROM FFF FEET FROM FF
e 24 . 000 a4g. OO0 0. 650
4 48. Q00 74,000 Q0,950

CONDITIDNG AFTER DAMAGE

D1AFL Al EMENT 16467, 656 TONS SW

L0l L0, ?.3005 FEET FROM AMIDSHIFS (+ FWD)
DEAF T AMIDSHIFS 14.44%5 FEET

DEALT @ K 20,336 FEET

DRe 1w AR 3.5%4 FEET

Tored THIM 11.767 FEET

FLOGLEDL WalER HI0.6%6 TONS SW

LS OF FLD.WTK, <5.817 FEET FROM AMIDSHIFS (+ FWD)

DATE-01-29-86

DATE-01-29-86

M
at

b

PRy

N 2

- ‘,:- ‘.-‘;‘ ’Tl‘q& "

b

AR,

AR

r

.1’.)1 " " "-'

2ol 7

- e
?T‘.

IR |-~

XA APLS %




SHIP-0SV SERIAL NUMBER- 1  DATE-01-29-86 A

d \

A TRIM LINE CALCULATIONS "
N DAMAGED COMPARTMENTS FOR CONDITION 13 ’
COMFARTMENT FWD BULKHEAD AFT BULKHEAD FERMEABILITY N

NUMEER FEET FROM FP FEET FROM FF ,

4 48. 000 74.000 0.950 ¢

5 74. 000 ) 0.950 ‘

CONDITIONS AFTER DAMAGE 4

DISPLACEMENT 1699.800 TONS SW b

) LONGL C.G. 2.022 FEET FROM AMIDSHIPS (+ FWD) }
1 DRAFT AMIDSHIFS 14.546 FEET ‘
p DRAFT AT FF 16.950 FEET ]
DRAFT AT AF 12.141 FEET i

\ TOTAL TRIM -4.809 FEET p
N FLOODED WATER 668.800 TONS SW .
) LC OF FLD.WTR. 6.414 FEET FROM AMIDSHIFS (+ FWD) :
4
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e SHIF-0SV SERIAL NUMEER-— 1 DATE-01-79-86
TRIM LINE CALCULATIONS B
) DAMAGED COMFARTMENTS FOR CONDITION 14 -
. »
. COMFARTMENT FWD BULKHEAD AFT BULKHEAD FERMEAEILITY r
. NUMEBER FEET FROM FF FEET FROM FF E-
1
s 74.000 9. OO0 0.950 2
PE. 000 126,000 0.850

¥

' ' 3

! b
‘ A
« I
: L
. ¢
A \.' ' -

:~. ;.:B ‘«
LSAE y

R TR R R ~
\rY " g ~~ et N T «o.\ ' ,’q.s-\

&

.{\--_ 'J.‘ M) S n'. q(r oty - })\'.'-.. ‘.‘.\ '.':.‘r\\#\)ﬁ-.\._!..\-. .\“.. ‘—_ ;.;.,'- ‘-.‘_;-‘\- ‘r‘. S




DAMAGED COMFARTMENTS FOR CONDITION 1t

COMFARTMENT FWD BULLHEAD AFT BULKHEAD
NUMEER FEET FROM FF FEET FROM FF

5. 000
16,000

126. 000
142,000

CONDITIONS AFTER DAMAGE

DISFLACEMENT
LUONGL £.G6.
DRAFT AMIDGHIFS
DRAFT Al FF
DRAFT AT AF

1472.8%3 TONS SW

21.647 FEET
~10.190 FEET
S3.485 FEET
TOTAL TRIM &2.675 FEET
FLOODED WATER

LCG OF FLD.WTR.

442.822 TONS SW

SHIF-0SV

TRIM LINE CALCULATIONS

LAMAGED COMFARTMENTS FOR CONDITION 2

COMFARTMENT  FWD BULKHEAD AFT BULEHEAD
NUMEER FEET FROM FF FEET FRUM FF

4 126, 000
2] 1422, 000

142,000
150, OO0

LONDITIONS AFTER DAMAGE

DISHL O EMENT
P ONGL L., ~5.997
b b aMIDSHIIFS 10,7299
LLLEC Y R Y T G o & 8.6738
AR Al AR 12,180

1132.699 SW

tailal TIM NP |

Lo b WATE
UG OF FLD.WTR.

16911, 699 SW
~598. 99

PERMEABILITY

0.850
0.8350

~11.948 FEET FROM AMIDSHIPS (+ FWD)

~37.8%37 FEET FROM AMIDSHIFS (+

SERIAL NUMBER-

FERMEARILITY

0.850
0,850

FROM AMIDSHIFS (+ FWD)

FROM AMIDSHIFS (+ FWD)

DATE-~-01-29-86




. *
SHIP-0SV SERTAL NUMEBER- 2  DATE-01-29-86 -

. TRIM LINE CALCULATIONS "y
@ DAMAGED COMPARTMENTS FOR CONDITION 3 '
A

COMPARTMENT  FWD BULKHEAD AFT BULKEHEAD FERMEABILITY »

NUMEER FEET FROM FF FEET FRUM FF 3

g 142,000 150. 000 0.850 .

9 150, OO0 15S. Q00 0. 100 :J

A

CONDLITIUNS AFTER DAMAGE

DISFL ALEMENT 1041, 880 TONS SW %
LUNGL C.G. -1.532 FEET FROM AMIDSHIFS (+ FWD)

OREFT AMIDSRHIFS 9.914 FEET B

DRAFT AT FF 9.583 FEET 4

DRAFT AT AP 10. 246 FEET st

TOTAL TRIM 0.567% FEET 2%

FLOODED WATER 10,879 TONS SW N

LCG OF FLD.WTR. ~68.246 FEET FROM AMIDSHIFS (+ FWD) ~
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i“ SHIF-USV SERIAL NUMBER- 2  DATE-01-29-86 i
a "\
IKIM LINE CALCULATIONS N

DAMAGED COMPARTMENTS FOR CONDITION 4 -
COMFARTMENT  FWD EBULKHEAD AFT BULKHEAD FERMEAERILITY -

NUMEER FEET FROM FF FEET FROM FP by

1 0, 000 10, OO0 O, 100 2

Ny 10, QOO0 24,000 0,100 F

B4 24,000 48, 000 Q. 650 ..

.

CONDITIONS AFTER DAMAGE

DLSPLALEMENT 1194.569 TONS Sw .
LUNGt C.G. S.007 FEET FROM AMIDSHIFS (+ FWD) -
DRAF1 AMIDSHIFS 11.149 FEET
DRAF Al FP 13.59% FEET
DRAF1 AT AF &.745 FEEI
IUTAL TRIM -4.807 FEET N
FLOODED WATER 167.569 TONS SW o
LI'G OF FLD.WTR. 41,7681 FEET FROM AMIDSHIFS (+ FWD)
.
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SHIF-08V

TFIM LINE CALCULATIONS

]
: DAMAGED COMFARTMENTS FOR CONDITION S
é COMFAR TME N FWDh BULFHEAD AFT BULKHEAD
3 NUMEE F FEET FRUM FF  FEET FROM FF
o 10, 000 24,000
< 24000 48, Q0O
4 4583, OO 74.000

CONDI TIUMNS AFTER DAMAGE

SERIAL NUMBER-

FERMEABILITY

0. 100
Q.650
0,950

DISFLACEMENT 1689.694 TONS SwW

LONGL C.G. ?.8345 FEET FR(OM AMIDSHIFS (+ FWD)
DRAFT AMIDSHIFS 14.624 FEET

DRAFT AT FF TO.89D FEET

DRAFT AT AF H. 257 FEET

TOTAL TRIM ~12.832 FEET

FLIJODED WAiER 658. 4694 TUNS SwW

LEG OF FLD.WTR. 26.550 FEET FROM AMIDSHIFS (+ FWD)

LHIF--QSV

TRIM LINE CALCULATIONS

DAMAGED COMFPARTMENTS FOR CONDITION o
AFT BULKHEAD

T OMFARTMENT  FWD B HEAL

MIMEBLR FEET FROM Ff+ FEEY FROJM Fi
: N R TRIY 4. OO0
“+ 4. o 74,000
% 24, 0n0 PE, 100

NO ReL aNU

SERIAL NUMBER--

FERMEARILITY

Q. 650
O, 90
0. 950

2 DATE-01-29-86

& DATE--01-29-86
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HSHIF-NSV

TRIM LINE CALCULATIONS
DAMAGED COMPARTMENTS FOR CONDITION 7

COMFPARTMENT FWD BULKHEAD AFT BULKHEAD

NUMEER FEET FROM FFP FEET FROM Fp
4 48. 000 74,000
S 74.000 95. 000
b 925.000 126.000
NO EALANCE

At
i & !
. SHIF-0SV

TRIM LINE CALCULATIONS
DAMAGED COMFARTMENTS FOR CONDITION 8

COMFARTMENT FWD BULKMHEAD AFT BULEHEAD

NUMBER FEET FROM FFF FEET FROM FF
S 78,000 S . OO0
& DL OO0 1246, 000
7 126,000 142, OO0

\-‘. O CAL ...\.:.‘.,'$.._-"..' L \.-"  - ... Tt e e e

SERIAL NUMBER- 2 DATE-Q1-9-86
FERMEABILITY

0.950

0.950

0.850
SERIAL NUMBER- 2 DATE-01-79-86

FERMEARIL ITY

0.990
Q8350
Q. 350
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TR INE Al UL AT 1TONS
[« PreaMet et bbb THE N TS BCR (O TN 1 b
)
’ )
. PN ek P L bl P F s fR T R EHEAL S FERMEARILITY B
y Pt b P ) v Fe FREOOLPERTD FROUM OFR :
R
L S TRV | 7 OO0 O, Q%0
[ VIR INTE 14, 00 0,850
S gy o Pt PR DaMeat K
el E M 1ol o TOINE S y
‘v [ W ~11.948 FEET FROM AMIDSHIPS (+ FWD) 3
B R N AU TR Z1.647 FEFT
Lt e ~10.190 FEET :
T o AR 57.48% FEET K
)
YR Sl &1.87% FEEN K
LY
[
Pl b WA lER 442,832 TUNS SW aa
Lty UF FLDJWTR, -%7.87%7 FEET FROM AMIDSHIFS (+ FWD) .
i
L}
)
L
.
.-
EIZ DILARE 8 (N1 SERIAL NUMEBER- 2 DATE-01-29-86 :
TRIM LINE CALCULATIONS
DAMAGED COMFARIMENTS FOR CONDITION 2
P.
COMEARTMENT FWD BULFHEAD AFT RULEHEAD FERMEARILITY }
M B B FEET FROM FF  FEET FROM FF i
'
? 106 . 000 142,000 0. 850 ;
ot 142,000 150,000 0.850
O T LuS AR TER DAMAGE :
-
| CEEG TR N T SY 1132.69% TONS SW )
[ L PR . -5.997 FEET FROM AMIDSHIFS (+ FWD) *d
(CORTUET RIS (NS 10,799 FEFT
[mer [ ke bR H.078 FEET O
Fab b b 12. 140 FEET Cenes 2
S ~
Kt N
FOTal TRIM T.E821 FEET LA
-:
FLIOMDED WATER 101.699 TONS SW N

UG OF FLD.WTFR, -58. 399 FEET FROM AMIDSHIFS (+ FWD)
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SHIF-0SV SERIAL NUMEBER- < DATE-0O1 -29--86

TRIM ILINE CALCULATIONS

DAMAGED COMFARTMENTS FOR CONDITION 3

FWD BULEHEAD AFT BULKHEAD FERMEABILITY

FEET FROM FF FEEY FROM FF

COMFARTMENT
NUMBER

8 142. 000 150. 000 0,850
9 150, 000 15%. 000 0.100

CONDITIONS AFTER DAMAGE

DISFLACEMENT 1041.880 TONS SW
LONGL C.G. -1.532 FEET FROM AMIDSHIPS (+ FWD)

DRAFT AMIDSHIFS 9.914 FEET &
) DRAFT AT FF 9.583 FEET Ny,
DRAFT AT AF 10.246 FEET y

TRIM 0.663

TOTAL. FEET

10.879
-68. 246

S
FROM AMIDSHIFS (+ FWD)

TONS
FEET

FLOODED WATER
LCG OF FLD.WTK.

SHIF-0SV SERIAL NUMEER- 2 DATE-O1-29-8&

TRIM LINE CALCULATIONS

DAMAGED COMFARTIMENTS FOR CONDITION 4

COMEFARTMENT
NUMEER

FWD RULEHEAD
FEET FROM FF

AFT BULKHEARD FERMEABRILITY E
FEET FROM FF '

..... 10, 000 Q. 100
& 10, 000 24,000 0,100
3 S48, 000 48, 000 0,650

. -
IO

COND I 1 1TONS AF TER DAMAGE.

. DISFLACEMENT 1194,.5469 TONS SW
" LONRL .G, S.007 FEET FROM AMIDSHIPS (+ FWD) R
DRAET AMIDSHIFS 11.149 FEET !
DRALT a1 FF 13.953 FEET
DRAE | AT aF 8.745 FEET =4
Y
rTaL TRIM -4.807 FEET Y
h%
FLOODED WATER 167.569 TONS SW \
b

LLG QF FLD.WIFR, 41.781 FEET FROM AMIDSHIFS (+ FWwD)
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NP SERIAL NUMBER- z DATE-0Q1-29-f16 \
™ L INE CAL CULATIONS
,  LAresED LOMPARTMENTS FOR CONDITION S t
4 _oMEAaRIMENT FWD BULKFHEAD  AFT BULKHEAD FERMEARILITY N
y NEIMEE £ FEE! FROM FF  FEET FROM FFP
o 10, OO0 24,000 0. 100 -
- 24, 000 45, OO0 Q. 650 ,
4 483, 000 74,000 0.950 |
K
1)
CONDTTIUNG AF TER DAMAGE 4
Dl LalE M 1689.694 TONS SW
> LUNGL C.fa. 9.84% FEET FROM AMIDSHIFS (+ FWD) ’
- DEsE T AMIDLHIES 14. 674 FEET .-
- bkef v Al PR 20,890 FEET -
T DREeR T B HF 8.357 FEET s
Lotal. (1M -12.%20 FEET @ g
S FLoubLD WATER 658.694 TONS SW S
L OF FLD.WTR, 76.550 FEET FROM AMIDSHIFS (+ FWD) .
)
A ,
. k
-
CHITE -9 SERIAL NUMBER-- 2 DATE-01-29-86 :
, I
. [ 1M LINF CALCULATIONS "
. S
T LAaMasED (OMFARTMENTS FOR CONDITION 6 .
COME R TMENT  FWD BULFHEAD  AFT BULKHEAD FERMEAEILITY =
P4IMESE b FEET FROM P FEE1 FRUM FE -
24, 00 443, OO Q. 650 :-
“ 48, 00 74,0016 0. 950 -:
X - 24, 0 7% . 000 0,950 "
* Cpo . . r
. tt b aatp b '.
; N
3 [
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SHIP-0SV SERIAL NUMEBER- 2 DATE-01-29-86 v
L 4

'l
TRIM LINE CALCULATIONS v
@ DAMAGED COMFARTMENTS FOR CONDITION 7 :1
COMPARTMENT FWD BULKHEAD AFT BULKHEAD PERMEABILITY -
NUMBER FEEY FROM FP FEET FROM FP R
;‘
4 48. OO0 74,000 0. 950 %
5 74,000 95. OO0 0,950 o

& 5. D00 126,000 0,850
NO BALANCE N
¥-
~
SHIF-0SV SERIAL NUMEER- 2  DATE-01-29-86 9
LY
TRIM LINE CALCULATIONS
DAMAGED COMFPARTMENTS FOR CONDITION 8 Y
‘:
COMFARTMENT FWD BULKHEAD AFT BULKHEAD PERMEABILITY "
NUMEER FEET FROM FF FEET FROM FFP fo
R i,
‘ "i S 74. 000 95. 000 0.950 -
= & %G, 000 126,000 0.8590 '
7 126&. 000 142,000 0.850 >
3
o
:
)
Ny
i
;
%
~
B N
BOh N
.
‘n
[
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B cHIE- NG SERIAL NUMBER- 4 DATE-01-28-86 Y
| TRIM LINE CALCULATIONS It
DAMAGED COMPARTMENTS FOK CONDITION 1 X
14 .
> COMFARTMENT  FWD BULFHEAD AFT BULKHEAD FERMEARILITY e
NUIMEEF FEET FROM FF FEET FROM FF t
R
- 7 126. 000 142,000 0. 850 )
o 142, 000 150, 000 0.8350 ,
e 4 150, 000 155 . 000 0.100 .
_.l ‘Il
*. LOND I TIONS AF TER DAMAGE 2
! .
L 1S-L ACEMENT 11°%.019 TONS SW
LONGL C.G. -6.1%% FEET FROM AMIDSHIPS (+ FWD)
K DFAFT AMIDSHIFS 10.411 FEET )
S DRaFT AT FP &.605 FEET N
K DR I AT aF 12.217 FEET by
e TOTA TRIM Z.612 FEET o v
‘ Pl o,
FLIJODED WATER 104.019 TONS SW é )
4 L( 65 OF FLD.WTR. -58.631 FEET FKOM AMIDSHIFS (+ FWD) = o
2 X
d y
)
' A
a -
LY
ALY
SHIF-08V SERIAL NUMBEK~ 4  DATE-01-28-86 .
X
4 -
TRIM LINE CALCULATIONS
DAMAGED COMPARTMENTS FOR CONDITION 2 -
5 Y
. COMPFARTMENT  FWD BULFHEAD AFT BULKHEAD FERMEARILITY 2
. NUMEE R FEET FROM FF FEET FROM FF R
X 5 74,000 9% . 000 0. 950 ‘
! “ G OO0 126. 000 0.8%0 —~
4 v
r
X ¢
. .
. ’
. E_- . )
'.-:.-::.- [:
' D
’D
‘e
e
o

el W }‘.}.;'.".\'.",‘ . - (e AT AT St A .\'_.‘.'__.r_'.'\.f_‘.._-...- -'su" 4-5__.-,\.- -, -r.'.-_’_'.-__.'.\r‘( .‘- oy




NUMEBER FEET FROM FF

126.000
42.000
1S0%Q00

CONDITIONS AFTER DAMAGE

DISFLACEMENT 1135.019
DRAFT AMIDSHIFS . 10.411
DRAFT AT FF 8. 605
DRAFT AT AF 12.217
TOTAL TRIM 3.612

FLOODED WATER 104.019

FEET FROM FP

142.000
450. 000
155. 000

TONS SW

FEET FROM AMIDSHIPS (+ FWD)
FEET

FEET

FEET

FEET

TONS SW
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